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INDUCED PREGNANCY IN A MAMMALIAN HOST FOLLOWING 
SEVERE TOTAL BODY X-IRRADIATION 
Pau. E. Rexers, M.D. 
Los ANGELES, CALIF. 


N THE study of irradiation disease considerable effort has been directed along 
the lines of supplemental or replacement procedures on the basis that the 
irradiated animal was deficient in the item in question. Chemieal,' biologic,’ 
and antibiotic’ agents, tissue transplants‘ and reciprocal blood transfer® are 
representative items that have been used, some with effect on radiation morbidity 
and mortality. In regard to tissue transplants, their suecess appears to be 
dependent upon factors existing in embryonal, autologous, or selected neoplastic 
tissue. Since two of these types of tissues are always found in pregnaney, it 
was felt desirable to determine the role that viable fetal tissue might exert on a 
radiation-depleted host. In particular, information was sought to determine 
whether or not pregnancy could be induced following severe radiation and, if so, 
whether the fetus would provide hemopoietic centers and/or endocrine and 
enzyme systems that would carry the deranged maternal host through the acute 
depression period until her hemopoietic and other altered systems became more 
normal. 
METHODS AND MATERIAL 
Adult mongrel dogs were used throughout. Animal, radiologic, and hematologic tech 
niques have been described previously.1,6 Control studies for clinical, hematologic, and 
pathologie data for this and other reports were carried out on eighteen dogs that received 
450 r and sixty-five dogs that received 850 r single dose total body x-irradiation. The 
biologic response of dogs and other animals to irradiation has been reported elsewhere.1, 7-10 
Twelve surviving dogs of the 350 r group underwent similar reradiation seventy to ninety 
days after their initial radiation exposure. Six dogs manifesting spontaneous estrus were 
selected at random and each was subjected to radiation of 450 r. Of these six dogs three 
were used as controls and were not mated. The remaining three dogs were mated after 
irradiation. Of these mated dogs one had received additional irradiation of 350 r one hundred 


and thirty days and another 450 r eighty-six days previously. 


RESULTS 


Of the sixty-five dogs exposed to irradiation of 350 r, thirty-nine (60 per 
cent) succumbed from eleven to thirty (average, twenty) days after irradiation, 
while of the twelve dogs subjected to the reirradiation of 350 r, ten (83 per cent) 
died from seven to eighteen (average fifteen) days after radiation. 


From the Department of Radiation Biology, University of Rochester School of Medicine 
and Dentistry, Rochester, N. Y., and the Institute for Medical Research, Cedars of Lebanon 
Hospital, Los Angeles, Calif. 

This paper is based on work performed in part under Contract No. W-7401-Eng-49 for 
the Atomic Energy Project at the University of Rochester and Contract No. At(04-1)-290 at the 
Institute for Medical Research, Los Angeles, Calif. 
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Examination thirty to sixty days after irradiation of all animals in the 
state of clinical recovery revealed only the anticipated indications of recovery 
from irradiation toxicity with marrow hyperplasia, hyperemia of the gastric 
and intestinal mucosa, and occasional indications of a previous purpuric state. 
The spleen and lymph nodes showed considerable variation, but the predominat- 
ing histologic picture was one of hypoplasia with early regeneration. Eetopie 
bone marrow was not present. Testicular tissue was in various stages of re- 
generation but residual damage could be detected. Ovarian tissue was without 
conspicuous alteration. Developing Graafian follicles could be found. 
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The degenerative reaction of dogs exposed to 450 r single dose total body 
irradiation was, as was to be expected from the data on the 350 r group, more 
acute and lethal. Thus, sixteen of eighteen (90 per cent) of the control dogs 
given 450 r* died within eight to twenty-five (average fifteen) days. 

Dogs manifesting estrus but not mated manifested typical signs of irradi- 
ation disease and died nine, twelve, and eighteen days after irradiation. 

The findings in the animals undergoing gestation were in distinet contrast 
to those already noted in that all dogs continued to consume normal quantities 
of diet, maintained constant weight, were active, and showéd no gross evidence 
of purpura, sepsis, or diarrhea. Occasional transient periods of anorexia of 
only one to two days’ duration were noted. The state of pregnancy was best 
determined by progressive enlargement of the breasts and abdomen, persistent 
engorgement of the vulva, and the subsequent demonstration of fetal or placental 
tissue. Pertinent hematology is recorded in Figs. 1, 2, and 3. 


*Others report this dosage to be LD 90 to 100. 
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CASE 1.—An 18-month-old, mongrel, nulliparous dog underwent an initial single dose 
total body x-irradiation of 450 r and showed the usual signs of radiation disease, from which 
she recovered. Eighty-seven days after the initial irradiatica a second and similar dose of 
irradiation of 450 r was administered; mating was carried out for the next three days. 
Slight transient episodes of anorexia and weight loss occurred but otherwise there was enlarge- 
ment of the breasts and abdomen and gross appearance of well-being. Sixty-six days after 
the second dose of x-ray a single live puppy was born which attempted suckling immediately. 
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Fig. 3. 


The dam thereafter manifested anorexia, weight loss, and bloody diarrhea. Death occurred 
seven days after whelping and seventy-three days after the second dose of x-ray. Blood cul- 
tures were positive for E. coli during the last four days of life only. Because of inadequate 
lactation and the poor maternal condition, the pup was placed on artificial feedings with iron 
supplements at one to one and one-half hour intervals, with subsequent growth and weight 
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gain. The dog is now 30 months of age and has had three periods of estrus but mating has 
not been attempted. Hematology of the dam is recorded in Figs. 1, 2, and 3. Reticulocytes 
were absent, while the sedimentation rate was elevated to 45 mm. per hour or more during 


the entire postirradiation period. There was no evidence of intravascular hemolysis. 


Pathologic study of the dam showed the usual degenerative changes de- 
scribed previously. Early regenerative changes were noted in the bone marrow 
(Figs. 4 and 5). The lymphoid tissue (spleen and lymph nodes) was hypo- 
plastic (Figs. 6 and 7). The uterus was enlarged with the myometrium and 
uterine cavity filled with extravasated and partially organized blood. Focal 
areas of necrosis and occasional clumps of bacteria were demonstrated and the 
wall had become perforated in one instance. The ovaries contained Graafian 
follicles with a few degenerating ova and one well-developed corpus luteum 
(Fig. 8). The adrenal, thyroid, and pituitary glands presented no conspicuous 
alterations. 


CASE 2.—A 3-year-old, multiparous, cocker dog underwent total body radiation of 350 r 
and showed the usual signs of irradiation disease from which she recovered. One hundred 
and thirty days later a second dose of radiation of 450 r was administered and mating was 
carried out for the next four days. The gross clinical course subsequently was essentially 
that of the normal dog except for the hematologic changes, the enlargement of the breasts, 
and vulval engorgement. Purpuric manifestations were not evident. Twenty days after 
the second irradiation the animal sustained a laceration on the skin of its back from which 
hemolytic streptococcus and hemolytic staphylococcus organisms were cultured. This wound 
healed spontaneously within seven days. Fifty days after the second course of radiation the 
dog manifested anorexia, pulmonary discharge and distress, and icterus. Spontaneous abortion 
occurred and death took place fifty-four days after radiation. Certain hematology is recorded 
in Figs. 1, 2, and 3. The sedimentation rate increased after irradiation to reach a value of 
13 mm. per hour by the fifteenth day and 60 mm. per hour by the twenty-fourth day. By 
the forty-third day a transient drop to 15 mm. per hour occurred, only to be elevated again 
with the pulmonary complication. Reticulocytes were again demonstrable by the thirtieth 
day and increased to 1.4 per cent by the thirty-ninth postirradiation day. Blood cultures 
were sterile throughout. Necropsy showed extensive icterus, bronchopneumonia, and early 
regenerating lymphoid, splenic, and bone marrow tissue (Fig. 9). The uterus was markedly 
enlarged and retained placentas. A well-developed corpus luteum was present in each ovary. 
The primary cause of death was believed to be distemper. 


9 


CASE 3.—A 2-year-old, multiparous, mongrel dog was admitted to the kennels and 
thirty days thereafter whelped four normal pups and one stillborn pup. Eleven months later 
the dog underwent total body x-irradiation of 450 r. Mating was carried out daily for the 
next six days. The gross clinical course in the postirradiation period appeared normal. 
Superficial skin infections in each inguinal region appeared on the seventeenth day and 
subsided spontaneously within three days. Commencing with the twentieth day after irradi- 
ation there was progressive enlargement of the breasts and vulva and thirty-five days later, or 
sixty-five days after irradiation, the dam whelped two normal pups, one male and one female, 
and one underdeveloped male pup. Nursing was undertaken immediately, continuously and 
adequately, with the exception of the underdeveloped pup which was fed artificially but died 
within three days of an aspiration pneumonia. The two surviving pups have developed in a 
normal fashion and have normal hemograms. Since whelping, the dam has remained in good 
clinical condition. 

Certain hematologic findings are recorded in Figs. 1, 2, and 3. The sedimentation rate 
was elevated from 0 to 60 mm. per hour by the twentieth day after irradiation and remained 
elevated between 35 and 50 mm. per hour for the period of gestation. Since whelping, the 
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Fig. 5. 
Fig. 4.—Case 1. Bone marrow of femur seventy-three days after second irradiation. 
Early regeneration. (X120.) 
Fig. 5.—Case 1. Bone marrow of rib seventy-three days after second irradiation. 
Scant regeneration. (X120.) 








Spleen seventy-three days after second irradiation. Hypoplastic spleen. 


Lymph node seventy-three days after second irradiation. 
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Fig. 8.—Case 1. Ovary seventy-three days after second irradiation. Developing Graafian 
follicles and corpus luteum. (X120.) 
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Fig. 9.—Case 2. Bone marrow fifty-five days after second irradiation. Regenerated marrow. 
, "¥120.) 
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sedimentation values have ranged around 20 mm. per hour. Eosinophilic cells by the wet 


count technique and reticulocytes were depressed or absent for twenty-seven days following 


irradiation. None of the hematologic elements changed significantly following whelping. 


The bone marrow of the dam at the time of whelping was normal. (Fig. 10.) 





Fig. 10.—Case 3. Bone marrow sixty-six days after irradiation. Regenerated marrow. 
(X120.) 


DISCUSSION 
An experiment of this type has many ramifications and thus invites econ- 
siderable opportunity for discussion. This report, however, will confine itself 
to findings relevant to alterations in morbidity or mortality and _ possible 
mechanisms whereby such alterations occurred. The experience in this labora- 
tory with over 200 dogs has been that this animal manifests a rather decisive 
picture following single dose total body irradiation and is recovering or dead 
by the twenty-fifth day. In only an occasional instance is this decision pro- 
longed another four to six days. Furthermore, following reirradiation the 
survival period is shortened and the mortality rate increased. As yet there is 
no agreement as to the individual significance of infection and infectious factors, 
hemorrhage, or the nondescript toxie action of irradiation products in this 
terminal course, but certainly they are readily demonstrated. Gross hemorrhage 
is present in 65 per cent of the intact dogs and 100 per cent of the dissected 
animals exposed to mid-lethal irradiation, while 77 per cent of the dogs that died 
showed positive blood cultures within twenty-four hours preceding death. 
The reduction, then, in the expected morbidity, with survival or prolonga- 
tion of the survival period, and the inability to demonstrate signs of hemorrhage 
or persistent infection when the same or even larger doses of irradiation were 
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administered suggest that other factors are at play to counteract, in part, the 
stress and strain induced by irradiation. The depressed formed elements in the 
peripheral blood, without hemolysis, during the period of gestation and the 
hypoplastie state of the hemopoietic system at necropsy in Case 1 suggest that 
the fetus provided little hemopoiesis for the mother and cannot be regarded as 
a hemopoietic tissue transplant that would tide the host over until her own tis- 
sues regenerated. Furthermore, the placental membrane probably does not 
permit free passage of particles larger than the hemoglobin molecule across its 
surfaces,’? although the passage of intact red cells from the peritoneal cavity into 
large veins via the lymphatie system without phagocytosis has been well demon- 
strated.'* The observation of consistent sterile blood cultures and healing of 
infected wounds during a severe leucopenia points to increased resistance to 
infection during gestation. It has been demonstrated that irradiation effects 
can be reduced by the administration of aureomyein,’® as well as by shielding 
the spleen from irradiation.’* Presumably each of these procedures is related 
to the support or the maintenance of resistance to infections. Confirmation of 
this viewpoint is demonstrated by the prevention of the anemia and leucocytosis 
following splenectomy in infected rats with the use of aureomycin,'® and by a 
decreased mortality rate with the acquisition of increased resistance to in- 
fection.!® The protective action of embryonic tissue such as the spleen is less 
conjectural when one considers the capacity of autogenous splenic transplants 
to increase the resistance to infection.’ Certainly the protective mechanism 
of the developing placenta or embryo occurs early, since the expected mortal 
period is somewhere between the twelfth and twentieth day after irradiation, 
a time when the embryo is exceedingly small and slightly developed. Embryo 
hemopoiesis may be a function of the connective tissues as a whole’® although 
organs are not functioning at this time. 

That a fetus might provide additional endocrine and enzyme systems can 
be assumed, but additional data are needed to clarify the role that such tissues 
would play on the maternal organism. Enzymes playing a part in the defense 
mechanism of the body have been well deseribed.'® Estrogens will reduce x- 
irradiation mortality of male and female mice but the estrogens must be adminis- 
tered at selected intervals of time before irradiation. The presence of the 
adrenal glands does not appear to be essential for the protective action of 
estrogens,2* but their absence will increase the susceptibility to irradiation 
mortality.2° Hypothyroidism,”! phases of diabetes mellitus*? and Addison’s dis- 
ease,”® and adrenalectomized animals** are reported to benefit by pregnancy. It 
is of interest to note that in human beings the process of gestation has reduced 
some of the disability of rheumatoid arthritis, as has the administration of 17- 
hydroxy-11-dehydrocorticosterone and adrenocorticotropic hormone.?> There is 
clinical evidence that pregnancy does not aggravate chronic glomerular nephritis. 


9 


In fact, patients with this disease may occasionally show clinical improvement 
with gestation and then the reverse upon delivery.”® It is unlikely that factors 


*It is to be noted that some investigators believe that it is difficult to produce a true 
adrenal insufficiency in rodents by adrenalectomy because of the associated presence of minute 
accessory adrenal tissue. 
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such as cysteine*’ or a state of anoxia** *° play a role in this protective mechanism 
of pregnancy since these factors have been found to be effectual only when 
instituted in the preirradiation period. It is common knowledge that a develop- 
ing fetus places an additional load upon the maternal organism. This is espe- 
cially true for the demands for calcium, phosphorus, and probably iron, but 
these demands usually can be met through dietary increments. This report 
makes no pretense to study these metabolic factors nor does it enter into the 
sharply debated subject of the presence of toxie agents believed to be present 
following irradiation. 

The absence of hemorrhagic manifestations during the gestation period 
might be regarded as further evidence supporting the tenet that the bleeding 
phase of irradiation disease is a major factor contributing to death. Normal 
bleeding and clotting times with normal clot formation were readily demon- 
strated in the face of thromboeytopenia of varied degrees and duration. No 
data are available indicating alterations in ‘‘eapillary permeability or fragility.”’ 


SUMMARY 


Pregnancy was readily and naturally induced in dogs after large doses of 
total body irradiation of LD,, or more. A full-term, viable pup was whelped 
from the dam receiving the largest dose of irradiation. A second dam aborted 
following a pulmonary infection. The third dam delivered three living pups, 
one of which was underdeveloped and succumbed. This dam and the two off- 
spring have remained well. During the gestation period of fifty days or more 
there were normal gross alimentations, constant weights, and varying degrees of 
depression of the peripheral blood elements without bacterial invasion of the 
blood stream or intravascular hemolysis. After whelping or aborting there was 
a rapid decline in the physical condition of two of the three dams, subsequent 
death, and the findings of sepsis and degeneration including the hemopoietic 
tissues. From the data presented it does not appear that fetal tissue provided 
an active hemopoietic center for the irradiated dam. The question, however, of 
the protective action of embryonic tissue for maintaining resistance to infections 
and of benefit from fetal endocrine or enzyme systems is raised. 

The author gratefully acknowledges the counsel rendered by Dr. H. A. Blair, Dr. H. 
Goldblatt, and Dr. J. 8. Jares and the assistance rendered by Dr. L. R. Bennett, Mr. N. Marti, 


Mrs. P. Ginna, Mrs. M. Kresge, Mrs. E. B. Goolden, Mrs. J. T. Locke, Miss G. Froeschle, 
Miss J. Hofstetter, and Miss H. Baldwin. 


REFERENCES 


1. Field, J. B., and Rekers, P. E.: Studies on the Effect of Flavonoids on Roentgen Irradi- 
ation Disease. I. Protective Influence of Rutin in Irradiated Dogs, Am. J. M. Se. 
281: 1, 1949. 

2. Patt, H. M., Straube, R. L., Tyree, E. B., Swift, M. N., and Smith, D. E.: Influence of 
Estrogens on Acute X-irradiation Syndrome, Am. J. Physiol. 159: 269, 1949. 

3. Howland, J. W., Furth, F., Bennett, L. R., Coulter, M., and MecDonnel, G. M.: Studies 
on Factors Effecting the Radiation Syndrome. I. The Effect of Aureomycin and 
Antibiotics on Whole Body Irradiation, Atomic Energy Project Report U-R-94, 
University of Rochester, October, 1949. 

4, Rekers, P. E., Coulter, M., and Warren, S. L.: Effect of Transplantation of Bone 

Marrow Into Irradiated Animals, Arch. Surg. 60: 635, 1950. 






“EE BD Se OL ee DOR aa a ea 





- Aaa, 








fe 





INDUCED PREGNANCY FOLLOWING SEVERE TOTAL BODY X-IRRADIATION 341 


5. Salisbury, P. F., Rekers, P. E., Miller, J. H., and Marti, N.: Effect of Early Cross 


MRI a eee: - Allan ee aE TIA TLE LITA te iil 


Transfusion on X-irradiation Disease. Science. In press. 

}. Rekers, P. E., and Coulter, M.: A Hematological and Histological Study of the Bone 
Marrow and Peripheral Blood of the Adult Dog, Am. J. Med. 87: 71, 1948. 

. Warren, 8. L., and Whipple, G. H.: Roentgen Ray Intoxication. II. A Study of the 
Sequence of Clinical, Anatomical, and Histological Changes Following a Unit Dose 
of X-rays, J. Exper. Med. 35: 203, 1922. 

3. Allen, J. G., Sanderson, M., Milham, M., Kirschon, A., and Jacobson, L. O.: Heparinemia 
(?). An Anticoagulant in the Blood of Dogs With Hemorrhagic Tendeney After 
Total Body Exposure to Roentgen Rays, J. Exper. Med. 87: 71, 1948. 


9. Prosser, C. L.: The Clinical Sequence of Physiological Effeets of Ionizing Radiation 


ee pss RE 





HSA ein ia RBI on 





x . 
3 
ig 


in Animals, Radiology 49: 299, 1947. 

. Rekers, P. E.: Transplantation of Bone Marrow Into Dogs That Have Received Total 

Body Acute Radiation, Report U.R. 11, Atomic Energy Project, University of 

Rochester, 1948. 

. Bennett, L. R., Rekers, P. E., Kresge, M., and Howland, J. W.: The Influence of Infection 
on the Hematological Effects and Mortality Following Mid-lethal X-irradiation, 
University of Rochester Atomic Energy Project Report No. 76, Aug. 18, 1949. 

Martland, H. S., and Martland, H. S., Jr.: Placental Barrier in Carbon Monoxide, 
Barbiturate and Radium Poisoning, Am. J. Surg. 80: 270, 1950. 

Hahn, P. F., Miller, L. L., Robbins, F. 8., Bale, W. F., and Whipple, G. H.: Peritoneal 
Absorption; Red Cells Labeled by Radio-iron Hemoglobin Move Promptly From 
Peritoneal Cavity Into Circulation, J. Exper. Med. 80: 77, 1944. 

Jacobson, L. O., Marks, E. V., Robson, M. J., Gaston, E., and Zirkle, R. E.: The Effect 
of Spleen Protection on Mortality Following X-irradiation, J. Las. & CLIN. MED. 
34: 1538, 1949. 

. Rekers, P. E.: The Effect of Aureomycin and Rutin on the Splenectomized Rat, Am. J. 

M. Se. To be published. 

3. Rekers, P. E.: The Reduction of X-irradiation Mortality With Increased Resistance to 
Infection, J. Infect. Dis. In press. 

Perla, D., and Marmorston, J.: ‘he Spleen and Resistance, Baltimore, 1935, Williams & 
Wilkins Co., p. 115. 

. Maximow, A.: Untersuchungen iiber Blut und Bindegewebe: I. Die friihesten Entwick- 

lungstadien der Blut und Bindegewezellen beim Siugetier-Embryo, bis zum Anfang 

der Blutbildung in der Leber, Arch. f. mikr. Anat. 73: 444, 1909. 


9. Haas, E.: On Mechanism of Invasion; Antinvasin I, Enzyme in Plasma, J. Biol. Chem. 


Big 
ir 
aa 


163: 63, 1946. 

. Cronkite, E. P., and Chapman, W. H.: Effect of Adrenalectomy on Radiation Induced 
Mortality of the Mouse, Proc. Soc. Exper. Biol. & Med. 74: 337, 1950. 

. Peters, J. P., Man, E. B., and Heinemann, M.: Pregnancy and the Thyroid Gland, Yale 
J. Biol. & Med. 20: 449, 1948. 


22. White, P.: Pregnancy Complicating Diabetes, Am. J. Med. 7: 609, 1949. 
3. Soffer, L. J.: Diseases of the Adrenals, Philadelphia, 1946, Lea & Febiger, p. 154. 


. Swingle, W. W., Parkins, W. M., Taylor, A. R., Hays, H. W., and Morrell, J. A.: Effect 
of Oestrus ~Pseudopregnancy) and Certain Pituitary Hormones on Life-span of 
Adrenalectomized Animals, Am. J. Physiol. 119: 675, 1937. 

Hench, P. 8., Kendall, E. C., Sloecumb, C. H., and Polley, H. F.: The Effect of a Hormone 
of the Adrenal Cortex (17-Hydroxy-11-Dehydrocorticosterone. Compound E) and 
of Pituitary Adrenocorticotropic Hormone on Rheumatoid Arthritis; Preliminary 
Report, Proc. Staff Meet., Mayo Clin. 24: 181, 1949. 


}. Boyd, R., Addis, T., and Lippman, R. W.: Personal communication. 
27. Patt, H. M., Tyree, E. B., Straube, R. L., and Smith, D. E.: Cysteine Protection Against 


X-irradiation Science 110: 213, 1949. 


8. Dowdy, A. H., Bennett, L. R., and Chastain, S. M.: Study of the Effects of Varying 





Oxygen Tensions on the Response of Mammalian Tissues to Roentgen Irradiation, 
University of California at Los Angeles, A.E.C. Report 55, 1950. 

. Baeq, Z. M., Herve, A., Lecomte, J., and Fischer, P.: Cyanide Protection Against X- 
irradiation, Science 111: 356, 1950. 






















BLOOD VOLUME DETERMINATION: COMPARISON OF T-1824 AND 
P* LABELED RED CELL METHODS 


Louis R. WASSERMAN, M.D.,.* Tsk-reEr You, M.D.. anp IRA A. RasuKkorr, M.D.** 
New York, N. Y. 


ADIOACTIVE isotopes have been used by a number of investigators to 

determine the blood volume in animals and in man. Erythrocytes 
labeled with radioactive iron were first employed for this purpose by Hahn 
and co-workers.!. However, because of technical difficulties, this method has 
not attained widespread use. Another method for tagging red cells with 
radioactivity was described by Hahn and Hevesy, who injected radioactive phos- 
phorus (P**) intravenously into a rabbit and a chick and found that the isotope 
became incorporated in the red cells.2. A measured quantity of the radioactive 
blood was then removed, injected into homologous animals, and the blood 
volumes were determined by comparing a specimen of the blood after mixing, 
with a standard red cell sample. Hevesy and Zerahn* later demonstrated 
that P** was incorporated in rabbit erythrocytes when the red cells were in- 
cubated with radiophosphorus in vitro at 37° C. Subsequently, Hevesy and 
associates* applied this modification to human red cells and thus measured the 
circulating red cell volume in patients. Considerable data obtained by this 
method and some comparisons with other methods have been reported.*® 
However, there is a lack of uniformity of results obtained by various investi- 
gators, perhaps because of differences in technique. The purpose of this re- 
port is to present details of our methods and to compare the results of blood 
volume determinations performed simultaneously with P** tagged cells and 
T-1824 dye. 


Selection of Cases—A total of thirty-nine blood volume determinations 





using P** tagged cells was performed on as many patients on the medical and 
surgical wards. In thirty of these cases, plasma volumes were determined 
simultaneously with Evans blue dye. An effort was made to choose as many 
patients as possible who had normal hemograms and who had recovered from 
the minor operation or illness for which they were admitted. The clinical 





diagnoses, sex, age, and weight are incorporated in the accompanying charts. 


METHODS 


Labeling of Red Cells.—About 10 c¢.c. of blood are withdrawn from the subject into a 
sterile heparinized syringe and transferred into a sterile rubber-capped, graduated centrifuge 
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tube containing approximately 125 we of P82, After gentle mixing, the tube is incubated 
at 37° C. for two hours, with occasional inversion. The mixture is centrifuged at 1,500 r.p.m. 
for five minutes and the plasma and buffy coat are removed sterilely with a 4 inch., 20 gauge 
needle. Cold 0.9 per cent saline is then added to the original volume through a 1 in., 20 
gauge needle, previously used as the vent. The cell suspension is mixed gently, centrifuged 
again for five minutes, and the supernatant is discarded. The erythrocytes are resuspended 
with saline, recentrifuged again for ten minutes, and made up to original volume with cold 
0.9 per cent saline. After thorough mixing, the red cell suspension is drawn into a sterile 


5 ec. Van Slyke pipette with stopcock, the tip of which is bent at a right angle and ground 





Rac. 
Piasma 

















Hrs.0 1 2 3 4 5 6 


Fig. 1.—Ratio of red cell to plasma radioactivity during a five-hour period at 37° C. and 
4° CC. Radioactive phosphorus was added to whole blood and at intervals specimens were re- 
moved for assay. The ratio is seen to increase with 50 per cent of the radioactivity in the 
red cells at two hours. At 4° C. no exchange of phosphorus occurs between the plasma and 
red cells, signifying the metabolic nature of this P® incorporation. 


to fit a needle shank. An 18 gauge needle is adjusted to the tip; a venipuncture is made 
and exactly 5 ¢.c. of cell suspension, containing about 25 ue of P32, are injected by positive 
pressure through a rubber tube attached to the upper end of the pipette. Immediately after 
the injection of the tagged cells, a radioactive standard is prepared by pipetting exactly 1 c¢.c. 
of the red cell suspension into a 1,000 ¢.c. volumetric flask and diluting to volume with water 
containing a few milligrams of saponin. Six specimens of blood are withdrawn at ten-min- 
ute intervals from a vein in the opposite arm and placed in paraftinized tubes containing 2 
drops of heparin. The tubes are sealed with Parafilm, inverted several times, and placed in 
ice water until ready for analysis. 

Evaluation of Method.—The determination of blood volume by the P32 method depends 
essentially upon the calculation of the degree of dilution of a known volume of tagged erythro- 
cytes, assuming that all the radioactive red cells are completely mixed with the circulating 
cells of the subject. Certain facts concerning the metabolism of phosphorus by erythrocytes 
were first investigated in order that a standard technique be made as accurate and facile as 


possible. 





*The radioactive phosphorus was obtained on allocation from the U. S. Atomic Energy 
Commission, Oak Ridge, Tenn. It was neutralized with sodium hydroxide, made isotonic with 
sodium chloride, and autoclaved. 0.5 c.c. was injected intraperitoneally into each of two mice 
which were observed for forty-eight hours before the material was used in patients. 
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The uptake of P32 by red blood cells is a metabolic process rather than one of simple 
diffusion. This has been reported by others®, 10 and confirmed by us in the data presented 
below. Heparinized whole blood was incubated with an isotonic solution of radioactive phos- 
phorus, and after periodic intervals a specimen of blood was removed, the plasma was sepa- 
rated, and the cells were washed three times with cold 0.9 per cent saline. After the first 
washing less than 1.0 per cent of the original radioactivity was found in the suspending 
medium, and after the third washing only about 0.2 per cent remained. The radioactivity 
of both the red cells and plasma was determined as described below. As is seen in Fig. 1, 


during a five-hour period there is an increase in red cell radioactivity at 37° C., and a simul- 


taneous decrease in plasma P32, with about 50 per cent of the total added radioactivity in 
the red cells at two hours. At 4° C. there is no appreciable uptake of P32 by the red cells, nor 
is there a diminution in plasma radioactivity. For the blood volume determination, blood was 
therefore incubated for a two-hour period, and it was assumed that approximately half of 
the added P32 was metabolized by the erythrocytes in this interval. Since minimal exchange 
occurred at 4° C., specimens were kept in ice water for no more than one hour before being 


prepared for analysis. 
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Fig. 2.—Radioactivity of packed red cells, whole blood, and plasma for a period of one 
hour following the intravenous injection of P® tagged red cells. Note the constancy of the 
radioactivity ; at the end of ten minutes there is a decrease of less than 1 per cent in activity; 
after sixty minutes about 3 per cent of the activity has disappeared. 


The retention of radiophosphorus by red cells was similarly investigated. Fig. 2 shows 
typical curves of whole blood, of washed red cells, and of plasma radioactivity during a one- 
hour interval following the intravenous injection of P82 tagged cells. Many other similar 
experiments were performed with specimens taken at intervals during an eight-hour period. 
From the data of these experiments, the half time of disappearance, i.e., the time it takes 
for half of the radioactivity to disappear from the red cells, has been found to vary from 
12 to 19 hours and during a one-hour interval the loss of P32 from the cells is only about 4 
per cent. In eleven subjects studied, the average loss of P32 from the red cells at the end 
of one hour after injection, in comparison with the ten-minute specimen, was 3 per cent. The 
difference in the radioactivity at ten minutes and at zero time was about 1 per cent. In 
addition to these in vivo studies, radiophosphorus-tagged cells suspended in saline were in- 
cubated at 37° C. and agitated frequently to simulate conditions within the circulating blood. 
Assay of the radioactivity of these red cells was done at frequent intervals and revealed com- 
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4 plete agreement between the in vitro and in vivo results. For practical purposes, therefore, 
calculation of the blood volume in normal subjects based upon the activity of a single ten- 
minute specimen is satisfactory. 

In four normal subjects, repeat blood volumes were determined several days after the 
original study. The reproducibility of the method is evidenced by a 2.5 per cent mean dif- 
ference in the values obtained with a range from 0.7 per cent to 3.6 per cent. 





The accuracy of the volume of material injected is increased by employing the modified 
a Van Slyke pipettes. The volume delivery of Van Slyke pipettes as compared with tuberculin 
: syringes was determined by assaying the radioactivity derived from a solution of radioactive 
phosphorus delivered from each, using Normax pipettes as standards. The mean error thus 
determined of seven Van Slyke pipettes was 1.2 per cent, while that of six tuberculin syringes 





was 3.9 per cent. 


KS Preparation of Samples for Radioactive Assay.—Prior to the start of an experiment, a 
quantity of pledgets are prepared as follows: 4 em. by 6 em. pieces of filter paper are im- 





mersed in a wetting agent (to insure subsequent even distribution of blood) and dried. Each 
filter paper is superimposed upon a slightly larger rectangle of aluminum foil, 0.002 em. thick, 
and held in place at the corners with Scotch tape. The blood samples are gently mixed, a 
small amount is removed for a hematocrit determination, and 0.5 ¢.c. is pipetted evenly onto 
the filter paper. The pipette is then rinsed through its upper end with small quantities of 
saponin water and the washings are collected on the same pledget. The filter paper. is air 
dried, each sample is wrapped in polystyrene, 0.004 em, thick, and molded to fit snugly around 
a cylindrical aluminum Geiger-Miiller tube (Victoreen tube 1B84, 30 mg./em.2 wall thick- 
ness). About 7 x 103 counts per second per microcurie of P32 are obtained, giving an ef- 
ficiency of about 20 per cent. For each specimen, 8,192 counts are recorded. In some cases 
the blood samples are then centrifuged in the cold at 3,000 r.p.m. for forty minutes and the 
plasma and buffy coat removed. One cubic centimeter of the packed red cells is hemolyzed 
in 2 c.c. of the saponin water and 0.5 ¢.c. of this hemolysate is placed on a filter paper pledget 
as already described. 0.5 ¢.c. of the previously prepared radioactive standard is treated 
similarly. All specimens for radioactive assay and hematocrits are taken in duplicate. 


Evans Blue Method.—The method using T-1824 dye is similar to that described by 

Gregersen,!2 except for a few minor changes. The aqueous solution of dye is injected through 

a 3 ¢.c, modified Van Slyke pipette (similar to the one described herein) a few moments be- 

fore the P32 injection. The plasma is separated from the samples withdrawn for the P32 

blood volume determination and compared with a blank specimen drawn at zero time in the 

Beckman spectrophotometer at 620 mu using cuvettes 1 cm. deep. Since the rate of disap- 

pearance of Evans blue dye from the plasma may vary from patient to patient, a T-1824 dis- 

appearance curve is plotted on semilogarithm paper and extrapolated back to zero time for 

e F each subject. The calculation of plasma volume is thus based upon the theoretical concentra- 
e tion of dye in the plasma at the time of injection. 

Chapin and Rossi! reported that in the packing of red blood cells by centrifugation 

about 8.5 per cent of plasma by volume remains trapped among the cells; thus the observed 





8 hematocrit is greater than the actual one. In the calculation of our data, therefore, the 
= hematocrit value obtained by centrifugation has been multiplied by the correction factor 0.915. 
‘ Calculations.—The following formulas are used in the calculations which appear in 
s the tables. 

s 

n (1) Total blood volume (P32) = 

4 *e/min./e.c. standard x dilution of standard x c.c. R.B.C. injected 

d — @/min./e.e. whole blood — Se Saag 

= (2) Ked cell volume (P32) = 

: : t/a fen. eeeeel < aie ot sees 5 46 a en Se 

1. e/min./e.c. R.B.C. x dilution of R.B.C. 


*c/min./c.c. = Counts per minute per cubic centimeter. 
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(3) Red cell volume (P32 indirect) — Total blood volume (P32) x hematocrit x 0.915 
m 100 
(4) Total blood volume (T-1824) — Plasma volume (T-1824) » as ae ee 
1 — hematoerit x 0.915 
(5) Red cell volume (T-1824) = Total blood volume (T-1824) — plasma volume (T-1824) 


. Blood volume (P32) — plasma volume (T-1824) 
(6) Body hematocrit = ——— a eee —— 
, - Blood volume (P32) 


- ’ , Activity per ¢.c. whole blood x 100 
(7) Radiohematocrit (% = : 


Activity per €.0. packed cells 


RESULTS 

Data comparing the results of blood volume determinations performed 
simultaneously with P*? tagged cells and the dye T-1824 in thirty subjects 
are tabulated in Table I. The ratio of the mean T-1824 to P*? value is 1.06 + 


= 5 EET P OR AEE 0 























j 0.01 with a range from 0.96 to 1.19. If the results obtained by the two methods 
were identical, then the ratio would be one. The actually observed mean ratio 
is, however, larger than one, namely 1.06. A statistical analysis of the sig- 
nificance of this deviation by the ‘‘t’’ distribution test gives a value for t of 
4.68 which indicates that this difference is not accidental but significant (the 
probability of such a deviation being due to chance is 1:10,000). 

The ratios of the body hematocrit to the centrifuged venous hematocrit 
are listed in the last column of Table I. The mean of these values is 0.84 + 0.02° 
" and ranges from 0.71 to 1.00. Applying a correction factor of 0.915 to the cen- 
TABLE II. COMPARISON OF THE PACKED CELL VOLUMES IN 17 PATIENTS OBTAINED BY CEN- 
TRIFUGATION AND BY THE RATIO OF THE RADIOACTIVITY OF A UNIT OF WHOLE BLOOD TO A 
UNIT OF PACKED CELLS FOLLOWING THE ADMINISTRATION OP P32 TAGGED CELLS 
| BLOOD VOLUME — | . i) | aire | > ee 
| 9 17) | > _— , ma 
P82 (C.C.) | Her. (%) | RADIO-HCT, | RADIO-HCT.* | race, | 

| CASE | TOTAL | R.B.C.’ | VENOUS (%)* [VENOUS HCT. | (%)t | VENOUS HCT. 
1 4,089 1,580 44.9 se 06==,ltiCre.mt”tCsss—<“‘i‘i‘<‘<i‘z 
2 4,560 1,811 42.5 39.7 0.95 34.4 0.81 
3 5,004 2,047 42.0 40.9 0.97 35.0 0.83 
: 4 4,905 1,946 42.5 39.7 0.93 41.4 0.94 
5 5,148 1,875 40.8 36.4 0.89 39.1 0.96 
, 6 3,530 1,545 42.2 43.8 1.04 So.0 0.79 
7 4,375 1,796 49.2 41.1 0.84 35.4 0.72 
8 0,079 2,342 44.2 46.1 1.04 39.6 0.90 
9 4,835 1,921 45.3 39.7 0.88 43.4 0.96 
10 3,444 1,305 41.4 37.9 0.92 41.3 1.00 
11 2,432 826 40.4 34.0 0.84 ri ey 0.71 
12 3,895 1,835 45.5 47.1 1.04 3.9 0.97 
18 3,957 1,218 36.2 30.8 0.85 29.5 0.82 
21 4,625 1,424 Sh.7 30.8 0.80 25.5 0.66 
22 5,086 1,198 25.5 23.6 0.92 23.7 0.93 
23 4,458 1,475 39.7 Ex 0.83 31.6 0.80 
24 5,265 2,193 41.8 41.6 1.00 33.0 0.79 
Mean ‘ 41.3 37.9 0.92 35.4 0.85 
S.D. +0.08 +0.10 
S.E. +0.02 +0.02 

R.B.C.’ = Red cell volume determined by assaying the radioactivity of packed red cells. 


. activity per c.c. whole blood 
*Radio-hct. (%) = ——————— SG —— 
(%) activity per c.c. packed cells 

tSee Table I, 








x 100 
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trifuged hematocrit to compensate for plasma trapping increases this mean 
‘atio to 0.92, a value still significantly different from the theoretical mean of 
one were the body and venous hematocrits equal. 

The values for packed red cell volumes in seventeen patients obtained 
by centrifugation and by the ratio of the radioactivity of whole blood to 
packed red celis (radiohematocrit) are listed in Table II together with other 
pertinent data. That these seventeen cases constitute a random sample of the 
thirty patients listed in Table I is apparent when it is noted that the average 
of the ratio of the body hematocrit to venous hematocrit for these cases is 0.85 
and the respective value for the total group is 0.84. 

The average uncorrected venous hematocrit for this group is 41.3 per 
cent as compared with a radiohematocrit of 37.9 per cent and a body hemato- 
erit of 35.4 per cent. The mean of the body to uncorrected venous hemato- 
erit ratios is 0.85 + 0.02. The deviation of the average radiohematocrit from 
that of the body hematocrit is apparently due to the plasma trapped between 
the red cells during centrifugation, for if the correction factor of 8.5 per cent 
is applied, the values for the two coincide. 

Table III contains the blood volume data in cubie centimeters per kilo- 
gram of twenty-six normal or convalescent patients. In addition to seven- 


TABLE IIT. Toran Bioop VoLuME, RED CELL VOLUME, AND PLASMA VOLUME (C.C./KG.) IN 
TWENTY-SIX NORMAL SUBJECTS DETERMINED WITH P32 TAGGED ERYTHROCYTES; 
SEVENTEEN OF THESE CASES WERE STUDIED SIMULTANEOUSLY WITH T-1824 





| BLOOD VOLUME — P3: 





























(C.C./KG. ) | BLOOD VOLUME — DYE (C.C./KG.) 
CASE TOTAL RED CELL PLASMA TOTAL RED CELL PLASMA 
- 905  £429.0 pa 41.5 CO iy 40.5 
2 79.7 20.6 59.1 58.6 52.3 
3 61.4 23.6 37.8 64.8 39.9 
4 76.6 29.8 46.8 73.4 44.8 
5 68.6 25.6 43.0 66.7 41.8 
6 59.2 22.9 36.3 64.3 39.5 
7 65.5 29.4 36.1 76.8 42.3 
8 63.9 25.8 38.1 64.7 38.5 
9 56.1 23.2 32.9 54.2 31.7 
10 61.9 23.5 38.4 58.5 36.3 
1] 57.5 21.3 36.2 65.0 41.0 
12 67.7 28.2 39.5 65.1 38.0 
13 56.2 25.2 31.0 65.8 36.3 
14 70.4 27.6 42.8 70.4 42.8 
15 76.6 29.1 47.5 83.6 51.8 
16 70.8 27.6 43.2 76.0 29.6 46.4 
17 79.9 30.0 49.9 82.9 31.1 51.7 
31 58.7 23.0 35.7 
32 63.6 27.3 40.3 
33 58.2 24.7 33.5 
34 67.3 26.1 41.2 
35 62.6 26.4 36.2 
36 71.5 29.0 42.5 
37 54.7 24.0 30.7 
38 63.2 23.9 : 
39 62.1 23.6 
Mean 65.6 25.8 ~ 69.8 97.7 42.1 
S.D. 47.3 +2.7 +83 3.6 +5.8 
+1.5 9 +1.5 
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teen cases already listed in which simultaneous T-1824 and P** blood vol- 
umes were performed, nine other normal cases were studied with P* tagged 
cells alone. The mean values for total red cell and plasma volumes, 27.7 and 
42.1, obtained by the dye method are greater than the corresponding results, 
25.8 and 39.8, obtained with the radiophosphorus-labeled cells. 


DISCUSSION 

Most investigators agree that the blood volume as measured by the dye 
technique is greater on the average than when determined by dilution of 
tagged red cells, whether the erythrocytes be labeled with carbon monoxide, 
radioiron, or radiophosphorus. The degree of this discrepancy has been the 
subject of some discussion. An analysis of our data has demonstrated the 
ratio of the blood volumes obtained by dye to the results with P*? red cells 
to be 1.06. This, of course, does not mean that the methods agree to within 6 
per cent since the distribution about the hypothetical ratio of one is skew, 
i.e., in thirty cases there are twenty-four positive and six negative errors with 
a range from 0.96 to 1.19. Ratios further from unity have been reported by 
others, but this difference is decreased when a correction is made for plasma 
trapping. The rapid disappearance of T-1824 from the blood stream immedi- 
ately after injection, either by phagocytosis, adherence of the dye particles to 
the blood vessel wall or by diffusion into the tissues, may be factors re- 
sponsible for the increased values of the Evans blue method. It is obvious 
also that tagged cells and dye plasma measure distinetly different fractions 
of the blood; thus, the plasma volume is estimated by T-1824 and by using 
the centrifuge hematocrit, the blood volume is determined indirectly. With 
P* labeled erythrocytes the red cell volume is measured directly. 

With all methods there remains the question of the ratio of body to 
venous hematocrit. The former represents the ratio of the volume of red cells 
in the circulation to the total circulating blood volume. For the caleulation 
of the body hematocrit to be valid, none of the values which enter into its 
determination may be derived by the centrifugation of blood specimens. It 
is apparent that no one method can.supply the data necessary for this de- 
termination since the red cell volume and plasma volume must each be de- 
termined by a method measuring each value specifically. Using tagged cells 
and T-1824, the true body hematocrit therefore is theoretically obtained from 





Total volume (P*?) — plasma volume (T-1824) 
Total volume (P**) ; 


the formula: The ratio of this 
value to the hematocrit obtained by centrifugation is 0.84 (Table I) and 0.85 
(Table II), or a difference of about 15 per cent. Part of this difference may 
be ascribed to plasma occluded among the centrifuged erythrocytes, which 
value may be calculated from the experimental data in Table II, and is equal 
to the ratio of the mean body hematocrit (35.4) to the mean radiohematocrit 
(37.9); this value of 0.94 (6 per cent) represents the correction factor for 
plasma trapped among the red cells. The mean ratio of body hematoerit to 
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uncorrected venous hematocrit is 0.85 (Table IL). If the discrepancy between 
body and uncorrected venous hematocrit is 15 per cent, and approximately 
6 per cent of this is due to occlusion of plasma, then there is about 9 per cent 
difference between the hematoerits of venous blood and the blood in the en- 
tire circulation, as calculated for this small group of seventeen cases. 

The pertinent literature dealing with comparative blood volume deter- 
minations and the relationship of body to venous hematocrit was surveyed, 
and in most instances fairly close agreement with the results reported in this 
paper was noted. Root and eco-workers'® in comparing T-1824 with the 
carbon monoxide tagged erythrocyte method used 0.96 as a correction factor 
for occluded plasma. Calculations from their data in eleven normal men show 
that the ratio of T-1824 to CO was 1.02 and the ratio of body hematocrit to 
corrected venous hematocrit was 0.92. Mayerson and associates® studied 
twenty-six patients and found the average ratio of blood volume by T-1824 to 
the P32 method to be 1.04; the mean ratio of body hematocrit to corrected 
venous hematoerit was 0.98 using the 0.915 correction factor. Our correspond- 
ing values are 1.06 and 0.92. 

The following investigators applied no correction for plasma trapping. 
Nachman and co-workers® used P** tagged red cells and Evans blue dye si- 
multaneously in forty patients. They found the mean ratio of body to 
venous hematocrit to be 0.88 and the ratio of red cell volume by the dye to the 
radioactive method to be 1.20. Gibson and co-workers'! compared blood vol- 
ume measurements obtained with radioiron-tagged red cells and T-1824 in 
forty normal male subjects. From their data, one may ecaleulate the mean 
ratio of body to venous hematocrit to be 0.91 and the ratio of blood volume 
by the dye-plasma to the radioiron red cell method to be 1.15. Reeve and 
Veall® studied thirteen subjects and found the T-1824 to P** red cell volume 
to be 1.13. Twenty-eight cases were studied by Meneely and associates’® with 
Evans blue and radiophosphorus red cells; a mean red cell volume ratio of 1.19 
and an average body to venous hematocrit ratio of 0.89 were found. If a 
0.915 correction factor is applied to the values of these last four investigators, 
1.20, 1.15, 1.13, and 1.19 become respectively 1.10, 1.05, 1.03, and 1.09, which 
agree fairly well with the result of 1.07 caleulated from the data in Table I. 
In addition, the foregoing hematocrit ratio values of 0.88, 0.91, and 0.89 when 
corrected become 0.92, 0.94, and 0.93, which agree with our value of 0.92. 

In Table III, the data for norma] subjects are expressed in ecubie centi- 
meters per kilogram. The mean blood volume and red e¢ell volume deter- 
mined by P* in twenty-six persons are respectively 65.6 + 1.5 ¢.e. per kilogram 
and 25.8 + 0.5 ¢.e. per kilogram, while the corresponding values estimated 
by the dye method in seventeen of the cases are 69.8 + 2.1 ¢.c. per kilogram 
and 27.7 + 0.9 ¢.e. per kilogram. Because of the preponderance of male sub- 
jects studied, the values may be somewhat higher than if the sexes were 
divided equally. In eight separate reports of red cell volume in normal sub- 


jects determined by P**,** "7 the mean value ranged from 29.4 to 33.9 ee. 
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per kilogram. In all the series except one, no correction was applied to the 
hematocrit. When this is done, the range is reduced respectively to 26.9 to 
31.0, which agrees more closely with our results. In seventeen normal cases 
of our series, the mean plasma volume is 42.1 ¢.¢c. per kilogram. This compares 


favorably with the values of 41.5 to 48.2 ¢.c. per kilogram reported by oth- 
ers 5, 6, 8, 12+15, 18, 19 


SUMMARY 


A method for blood volume determination using radioactive phosphorus 
tagged red cells is described. ‘ 

Blood volume determined by the T-1824 method is higher than that ob- 
tained with labeled red cells. 

The relationship between kody and venous hematocrit is discussed. The 
1D per cent difference ketween the body and venous paeked cell volumes is 
due to a plasma occlusion factor as well as an inherent variation between 
venous blood and the blood in the entire circulation. 


The radiophosphorus red cell method for total blood volume is simple 
and aecurate and avoids the error of centrifugation. 


We wish to thank Dr. Sergei Feitelberg and Dr. Franklin Hollander for help with 
the statistical analysis of the data, and Miss Florence Leibovitch for technical assistance. 
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METHOD FOR THE CONTINUOUS RECORDING OF EVANS BLUE 
DYE CURVES IN ARTERIAL BLOOD, AND ITS APPLICATION TO 
THE DIAGNOSIS OF CARDIOVASCULAR ABNORMALITIES* 


JOHN W. NicHouson IIT, M.D.,** Howarp B. BurcHEeti, M.D.,¢ 
AND Earu H. Woop, M.D., Px.D.§ 
ROCHESTER, MINN. 


URING studies of the quantitative measurement of intravenously injected 

Evans blue dye in whole arterial blood by use of the ear oximeter and the 
euvette oximeter for whole blood,’ previous observations by others? * were con- 
firmed. These were to the effect that curves representing changes in the con- 
centration of dye were of unusual contour when patients had certain types of 
cardiovascular abnermalities. Knutson and co-workers? gave methylene blue 
or Evans blue intravenously and recorded continuously the changes in concen- 
tration of the dye in arterial blood with an ear or cuvette oximeter. They 
reported abnormal curves in three cases and suggested anatomie and physiologie 
reasons for the abnormal patterns. Since that time a standardized procedure 
for injection of Evans blue (Fig. 1) has been carried out on forty-one individ- 
uals, eleven of whom were normal and the remainder of whom had various 
disorders. It is the object of this paper to present examples of normal and ab- 
1ormal curves representing concentration of dye in arterial blood, and to discuss 
the possible diagnostic usefulness of such curves in certain pathologie conditions. 


MATERIAL AND METHODS 


Evans blue dye (T-1824)|| was obtained in powder form, It was made up in 5 c.c. 
ampules of a 2 per cent solution in distilled water, using sterile technique. Ampules were 
not boiled or autoclaved. Toxicity tests were carried out on two dogs and two rabbits with 
the first lot made up, and bacteriologic tests were made on each of the three lots used to date. 
The only toxic effect observed in animals was a blue discoloration after large doses. All bac- 
teriologic tests gave negative results. The arterial sampling system consisted of a 20-gauge, 
internally polished hypodermic needle 2 in. (5.08 em.) in length, connected to the cuvette 
oximeter by a glass intravenous hypodermic adapter and medical Polythene tubing (inside 
diameter 2.0 mm., outside diameter 2.8 mm.). The length of polythene tubing from the 
adapter on the needle to the midpoint of the cuvette was 24 centimeters. The internal volume 
of the sampling system from the tip of the needle through the detecting portion of the cuvette 
was 0.9 cubie centimeter. The arterial needle was inserted into the radial artery under 
(local) procaine analgesia and blood samples were withdrawn as desired; a technique similar 
to that described previously was used.4 
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The assembly used for injecting the dye and flushing it in with saline solution is shown 
in Fig. 2. Luer-tipped 3 ¢.c. syringes were used to hold the dye. These syringes were held in 
a specially designed clamp with an adjustable set screw permitting accurate withdrawal and 
expulsion of the desired amount of dye at the limits of excursion of the plunger. <A sepa- 
rate syringe and clamp were provided for each of the three doses of dye most commonly 
used, These were set to deliver 1.5, 2.0, and 2.5 ¢.c. (30, 40, and 50 mg. of T-1824) respectively. 
The dye syringe and the saline syringe (10 ¢.c.), used for flushing the dye into the vein, 
were each connected by a short length of Transflex tubing* to a special three-way metal 


gauge) was attached (Figs. 2 and 3). 


adapter to which the intravenous needle (19 
The modified ear oximeter and cuvette oximeter used were those described previously.5, 6 
The peak response of the red and infrared selenium barrier-layer, photocell-filter assemblies 


used was at wave lengths of 640 and 800 my respectively.7 Single and double scale operations 








Fig. 1.—General view of assembled apparatus. Subject is supine on table, breathing 
100 per cent oxygen in a closed system containing a Tissot-type spirometer and a direct- 
writing instrument for recording consumption of oxygen (metabolic rate) and total ventilation, 
A. From 30 to 50 mg. of Evans blue dye in a 2 per cent aquecus solution are injected into a 
vein in the left antecubital region as rapidly as possible. and immediately flushed in with 
5 c.c. of sterile saline solution, using a special injection assembly H (see also Fig. 2). Time of 
injection is marked on the record with a signal magnet. C. Just before the injection, arterial 
blood has been allowed to flow from an indwelling needle in the right radial artery. The blood 
flows in Polythene tubing through the cuvette oximeter, H, and into a buret, D, each cubic 
centimeter of flow being marked on the record with a signal magnet, F. Suction may be 
applied to the top of the buret as needed to insure an even rate of flow. An ear oximeter, B, 
is on the subject’s right ear. Intraarterial pressure is measured with a strain-guage manometer, 
G. Sterile heparinized saline solution under pressure, J, is used for flushing tubing and arterial 
needle. Connections from ear and cuvette oximeters, electrocardiographic leads, and strain 
gauges for blood pressure and respirations are made through a junction box (bottom of picture) 
to galvanometers in the recording room (not shown), all values being recorded photokymo- 
graphically. The venous pressure is measured’ through the dye injection needle after injection 
of dye is completed. 


*Size No. 14 (1. D., 1.5; O. D., 2.5. mm.). From Irvington Varnish & Insulation Company, 
Irvington, N. J. 
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of these two instruments were recorded simultaneously® on 18 inch photokymographie paper, 
using d’Arsonval galvanometers without electronic amplification. 


The assembled apparatus is shown in Fig. 1, and an outline of the injection procedure 
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is ineluded in the legend to this figure. 
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Fig. 2.—Assembled apparatus for injection of dye. A, Syringe for dye in special clamp. 
B, Syringe for saline solution used for flushing in dye. C, Three-way adapter (Fig. 3) attached 
to indwelling 19 gauge needle in an antecubital vein. 
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Fig. 3.—Scale diagram of special three-way adapter used for injection and flushing of dye into 
vein. The hypodermic needle incorporated into the adapter is 20 gauge. 


RESULTS 

The patients included seventeen who displayed congenital abnormalities 
of the heart or great vessels, three who had mitral stenosis with borderline or 
frank cardiac decompensation, three who had polyeythemia vera, two with 
arteriovenous fistula (one in the hand, one in the abdomen), two with polyey- 
themia secondary to pulmonary disease, two with myxedema, and one with 
hyperthyroidism. 

It became apparent that certain abnormal patterns were repeated in dif- 
ferent individuals having the same disorder, to a degree of consistency that has 
permitted formulation of some general concepts concerning these patterns. The 
‘“‘normal’’ dye curve, as illustrated in Fig. 4, is characterized by a normal 
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appearance time of the dye in arterial blood following intravenous injections 
(see Table I for numerical values), a smooth and usually rapid downward 
deflection signifying an increase of concentration of dye, followed by a smooth 
and slightly slower upward deflection, or decrease in concentration of dye, as 
the dye is partially cleared from the heart and lungs. This initial clearing is 
usually interrupted by a small secondary inerease of concentration of dye 
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Fig. 4.—Continuous recording of concentration of Evans blue dye in arterial blood of a 
normal subject. 

A downward deflection of the oximeter tracing signifies increased light absorption, that 
is, increased concentration of the dye in blood. ss Indicates single-scale operation of the ear 
and cuvette oximeters, recorded simultaneously with ds or double-scale operation of the same 
instruments.® R designates the red beam and JR the infrared beam of the double-scale 
operation. The lag in the appearance time of the dye in the curve obtained by the cuvette 
oximeter behind that obtained by the ear oximeter is largely caused by the time required for 
the blood to flow from the arterial needle to the cuvette. This time lag can be corrected by 
calculations based on the measured rate of flow through the cuvette and the volume of the 
sampling system between the needle point and the detecting portion of the cuvette. % Sat. 
indicates equivalent single-scale deflections for the appropriate decrease in arterial oxygen 
saturation; all subjects breathed 100 per cent oxygen throughout the test to eliminate the 
possibility of changes in oxygen saturation 'n arterial blood being interpreted as changes in 
concentration of dye. The scale marked Evans Blue mg. per Liter is derived from known 
dilutions of dye made up in the blood of each subject. R/Ro and IR/IR»o represent the ratios of 
red and infrared light transmitted through the blood-filled ear or cuvette to that transmitted 
throught the bloodless (pressurized) -ear or saline-filled cuvette. The logarithms of the 
reciprocals of these ratios are related to the optical density of the transilluminated blood 
contained in the ear and the cuvette. Note that the transmission of infrared light by blood is 
scarcely affected by the addition of Evans blue dye and also note the close similarity between 
the contours of the curves obtained by use of cuvette and ear oximeters, Significance of broken 
lines on the cuvette (ss) curve is discussed in the text. 


representing systemic recirculation of the dye. Fluctuations in concentration 
are small after this, usually disappearing within 90 to 120 seconds after injec- 
tion of the dye. The normal primary curve may be steep and of short duration 
when there is a high cardiac output, or shallower and more prolonged when the 
output is small, but a smooth and ‘‘rhythmic’’ contour characterizes all normal 
curves, giving evidence that the dye is circulating in normal channels and 
becoming diffused in all of the peripherally circulating blood. 

Fig. 5 is the photographie record of the concentration of dye obtained in 
a ease of mitral stenosis with auricular fibrillation and chronic heart failure. 
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The curve is essentially smooth in contour 


tribute to the impaired clearing of the dve 
of blood while on its primary circuit. 
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but greatly prolonged in all its com- 


ponents. Appearance time of the dye, build-up time, and disappearance time 
are all greater than their normal counter 


parts. Reduced cardiae output and 


a relatively large volume of blood in the central portions of the circulation con- 


as does dilution in a greater amount 
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patient with mitral stenosis, auricular fibrillation, 
The irregularities in transmission of red 
caused by variations in the blood content of the 
These are cancelled out in the single-scale method 
variations in the concentration of the dye. See text 


Fig. 6 is a record obtained from one 


Fig. 7 shows a sample of the curves 


appearance time of the dye is shorter than 
of the dye directly from the right ventricle 


sidered to be due to peripheral arrival 


of the dye passing through the right- 


Fig. 5.—Continuous recording of concentration of Evans blue dye in arterial blood of a 


and chronic heart failure. 


and infrared light through the ear are 
ear produced by the cardiac irregularities. 


of operation and hence not confused with 
and legend of Fig. 4 for additional details. 


of seven patients having a left-to- 


right shunt, in this case an atrial septal defect. The normal appearance time 
and build-up time of the dye contrast notably with the prolonged, gradual dis- 
appearance slope. The explanation appears fairly straightforward: The dye 
traverses the right side of the heart and pulmonary circuit in normal fashion ; 
on entering the left side of the heart some of it goes to the peripheral circulation 
while the remainder passes through the defect to re-enter the right side of the 
heart and lungs. Partial clearing of dye 


from the lesser circulation before 


systemic recirculation occurs is thus much reduced, so that the resultant curve . 
depicting the concentration of dye in the sy 


stemie arterial circulation gradually 


ascends to the horizontal only as the dye becomes uniformly distributed in all 
of the circulating blood passing through the same circuit. 


obtained in eases of a right-to-left 


shunt. A similar curve appears in a report from another laboratory.? The 


normal, because of passage of some 
into the peripheral circulation, and 


the primary curve is characterized by a double peak. The first peak is con- 
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to-left shunt, and the second peak is chiefly due to that portion of dye which 
has gone through the pulmonary cireulation in the normal manner. The second 
peak also may be influenced by systemic recirculation of dye that has passed 
through the shunt. Since, in contrast with the situation in left-to-right shunts, 
there is usually little recirculation of dye back to the lungs from the left side 
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_ Fig. 6.—Continuous recording of concentration of Evans blue dye in arterial blood of a 
patient with a left-to-right shunt (atrial septal defect). See text and legend of Fig. 4 for 
additional details. 
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Fig. 7.—Continuous recording of concentration of Evans blue dye in arterial blood of a 
patient with a right-to-left shunt (tetralogy of Fallot). 

Arterial blood flowed in succession through two cuvettes (7 and 2) connected in tandem to 
an indwelling needle in the radial artery. The pulsatile nature of the transmission of red light 
through the ear (double-scale operation) which could be confused with variations in concentra- 
tion of dye and is similar to that obtained in previously reported oximetric methods of recording 
concentration of dye *%.2 is eliminated by the single-scale operation? in which the nonspecific 
changes in transmission of light through blood due to variations in blood content and velocity 
of flow are cancelled out by bucking the output of the infrared cell against that of the red 
cell. Attention is also called to the respiratory variations in percentage oxygen saturation of 
the arterial blood recorded both by cuvette and ear oximeters when the patient was breathing 
100 per cent oxygen. These changes in arterial oxygen saturation are presumably caused bv 
variations in the magnitude of the intracardiac venous-arterial shunt associated with the 
respiratory cycle.” The close similarity in the contours of the curves obtained from the earpiece 
and the two cuvettes is noteworthy. The difference between the appearance times of the dye 
in the cuvette curves is caused by the time required for the blood to flow from the radial artery 
to the first and thence to the second cuvette. See text and legend of Fig. 4 for additional details. 
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of the heart, the dye tends to clear, but the disappearance slope reflects the com- 
plicated pattern of systemic recirculation caused by the right ventricle sharing 
its output between pulmonary and peripheral circulations. 

Fig. 8 shows curves obtained from the same patient as the curves in Fig. 7. 
In the interval between the two studies a Blalock-Taussig operation had been 
performed which, in terms of blood flow, amounted to adding a left-to-right 
shunt to a system already containing a right-to-left shunt. Inspection of the 
curve will show that the appearance time of the dye is still short and a remnant 
of the first downward peak is still visible. The remainder of the curve, however, 
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Fig. S.—Continuous recording of concentration of Evans blue dye in arterial blood of a 
patient with both right-to-left and left-to-right shunts. 

This record was made on the same patient as that in Fig. 7. A Blalock-Taussig operation 
was performed by Dr. O. T. Clagett between the recordings shown in Figs. 7 and & The 
duplicate cuvette oximeter curves were obtained by means of two cuvettes connected in tandem 
to an indwelling needle in the radial artery. The close similarity in the contours of the 
curves obtained by ear and cuvette oximeters should be noted. For additional details, see 
text and legend of Fig. 


shows the slow initial clearing of the dve and the gradual return to equilibrium 
characteristic of the left-to-right shunt. This same type of curve has been 
observed in two patients whose conditions had been diagnosed (on the basis 
of cardiae catheterization and clinical findings) as tricuspid atresia. It also was 
seen in a case in which the diagnosis, established by subsequent eardiae eathe- 
terization, was an anomalous pulmonary vein emptying into the right atrium, 
combined with pulmonary hypertension and an atrial septal defect through 
which the flow was right to left. 


COMMENT 


Five patterns are thus apparent: (1) the normal types, (2) the failure 
pattern, (3) the pattern for left-to-right shunt, (4) that for right-to-left shunt, 
and (5) the pattern for a combination of a left-to-right with a right-to-left 
shunt. When the disappearance slope of the primary dye curve is arbitrarily 
extrapolated along the best visual straight line to the control blood base line 
which has béen horizontally projected to the point of intersection (see broken 
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lines in Fig. 4), a rough comparison of time relationships may be made of three 
components of the curve, namely, appearance time, build-up time, and dis- 


appearance time of the primary concentration of dye. Appearance time is 


Fi measured from the start of the injection of the dve to the beginning of the 
; downward deflection of the primary curve, corrected, in the case of the cuvette 
‘ oximeter, for the time required for the blood to flow from the point of the 


needle in the radial artery to the midpoint of the cuvette oximeter. Build-up 
time is the time between the beginning and the peak concentration of the dye 
(the second peak in the case of right-to-left shunts), and disappearance time 
is the interval between the peak concentration and the intersection of the two 
extrapolated lines just mentioned. The average and the extreme values for the 





various components of the dye curves obtained in the different types of sub- 
jects studied are included in Table I. A review of previous studies made in the 
same laboratory, of the concentration of intravenously injected methylene blue 
with an ear oximeter*® in ten normal subjects, four patients with left-to-right 
shunts, two with right-to-left shunts, and one with a combination of the two, 
showed time relationships of the primary dye curve that agreed in general with 
the figures listed in Table I. 

Not all curves are definitive. Certain low-output normal curves, as seen 
in myxedema, may be hard to distinguish from curves obtained in cases of bor- 
derline cardiae decompensation or of left-to-right shunts. It is possible that 
a shunt pattern might be concealed by a failure pattern; also, the method may 
fail to detect small left-to-right or right-to-left shunts. A dye curve, not sig- 
nificantly different from normal, was recently obtained on a patient, aged 27 
years, later demonstrated at operation to have a patent ductus arteriosus. A 
second dye study was performed on this patient after successful ligation of the 
ductus; the second curve showed evidence for systemic recirculation that was 
absent in the preoperative study, otherwise the curves were much alike. It is 
believed that the blood flow through this ductus must have been relatively small. 

Artifacts may produce similar abnormal patterns and can be divided into 
three main groups: (1) those caused by electrical or mechanical instability of 
the recording instruments, (2) those resulting from failure to deliver the dye 
to the heart in a uniform manner, either because of faulty injection or because 
of some obstruction of the venous system between the site of injection and the 
right atrium, and (3) those due to changes or irregularities of respiration, heart 
rate, cardiae output, or rate of blood flow past the oximeters. Artifacts of the 
first group are usually apparent in other parts of the record as well as in the 
dye curve and are recognized by their bizarre, unphysiologie nature, while those 
due to faulty injection ean be minimized by using a standard procedure which 
includes a syringe for injecting dye, designed and mounted in such a manner 
that it does not bind or stick, a uniform, prompt flushing-in of the dye with an 
adequate volume of saline solution, and positioning of each patient’s arm in 
the same comfortably extended attitude for every injection. The presence of a 
venous obstruction may be more difficult to determine but might be suspected 
if the venous pressure is elevated, or if history and examination suggest throm- 
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bosed veins of the arm, an old clavicular fracture, or an axillary or upper 
mediastinal mass. By recording heart rate and respiratory rate simultaneously 
with the concentration of dye, fluctuations in either may be correlated with 
variations in the curve for the dye that might otherwise be confusing. Rate of 
blood flow past the ear oximeter is unknown, but the rate of flow of arterial 
blood through the cuvette oximeter may be measured directly, and, if necessary, 
a correction can be applied to the cuvette dye curve to compensate for changes 
in rate of flow. Since rate of flow through the cuvette oximeter may be kept 
fairly constant and at a measured pace, cuvette curves in general have suffered 
less from extraneous physiologic variations, such as changes in blood pressure, 
than have the earpiece curves, though the two are customarily similar. - A com- 
mon artifact in the dye curves of patients with right-to-left shunts is a fluctua- 
tion related to the respiratory cycle and caused by changes in the oxygen con- 
tent of arterial blood (Fig. 7).'° 

Interpretation of the contours of dye curves, therefore, should be made 
with these possibilities in mind, and it is readily seen that not all curves may 
be considered to be of diagnostic value. However, experience to date has 
furnished no exceptions to the following observations. 


1. A normal curve is not seen on study of a patient who has a large shunt 
within, or closely adjacent to, the heart. 

2. No clear-cut shunt pattern has been observed on study of a normal sub- 
ject or a patient without a shunt. 

These two consistent findings give the procedure a place among methods 
for diagnosis of congenital heart disease. Reliable anatomie localization of a 
shunt has not been possible by the dye-curve method to date; in other words, it 
cannot yet be said that a given pattern for a left-to-right shunt is due to an 
atrial septal defect, a veptricular septal defect, a patent ductus arteriosus, or 
a pulmonary vein emptying into the right side of the heart. Cardiac catheteriza- 
tion or some other procedure must be employed to permit this important differ- 
entiation. On the other hand, the dve method, which is harmless and com- 
paratively easy, especially when only the earpiece is used,'' may have increasing 
usefulness as a screening procedure: the exhibition of a normal dye curve can 
rule out the presence of large shunts and thus render some diagnostic cathe- 
terizations unnecessary. Likewise, the finding of an unsuspected abnormal 
curve may be an indication for catheterization of the heart, with the eventual 
possibility of surgical benefit. 

It appears possible, on the basis of limited data, that by the dye method 
the eyanotie patient with an atrial septal defect associated with tricuspid 
atresia, or with anomalous pulmonary drainage into the right side of the heart, 
may be distinguished from the cyanotic patient with tetralogy of Fallot or Eisen- 
menger’s complex. It also appears likely that cyanotic congenital heart disease 
may be separated from noneardiae cyanosis. Prediction or confirmation of 
cardiac decompensation is another possibility. 

The quantitative procedure’ '! permits simultaneous objective measure- 
ment of circulation time, cardiac output, and Evans blue space, in addition to 
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qualitative analysis of the curve contour. However, the amount of dye used 
(20 to 50 mg.) renders impractical a short interval between repeated deter- 
minations because of the likelihood of bluish discoloration of the subject. 

An incidental observation of some interest has been made in the dye curves 
of normal subjects. In nine of the ten cuvette curves and in six of the ten ear 
oximeter curves obtained from normal male subjects, a measurable secondary 
peak of concentration of dye was seen. The interval between the primary and 
secondary peaks was held to represent the time of one mean systemic circula- 
tion of blood: from radial artery back to radial artery in the case of the cuvette 
oximeter curve, and from ear back to ear in the ease of the ear oximeter. The 
average ‘‘mean recirculation time’’ thus measured for nine normal male sub- 
jects, by the cuvette, was 22 seconds (range 20 to 24, standard deviation 1.2 
seconds). For six normal male subjects, the average mean recirculation time, 
measured by the ear oximeter, was 21 seconds (range 19 to 24, standard devia- 
tion 1.4 seconds). The records previously made on a series of normal male sub- 
jects were then reviewed; in this series methylene blue had been injected intra- 
venously and changes in its concentration in blood were recorded with the ear 
oximeter.'? The secondary peak already mentioned was evident in eight of the 
nine male subjects studied. The average mean recirculation time was 21 seconds 
(range 18 to 24, standard deviation 1.9 seconds). The singular constaney of 
the mean recirculation time, in contrast to the variability of the values obtained 
for other components of the primary dye-concentration curve in normal sub- 
jects (Table I), is brought out by a comparison of the coefficients of variation* 
for these values. The average coefficient of variation for the mean recirculation 
time was 6 per cent, as compared to coefficients of variation of 22, 26, and 35 
per cent for the appearance, build-up, and disappearance times of the dye 
respectively. Methylene blue curves obtained by means of the ear oximeter. 
in three normal female subjects, showed an average recirculation time of 15 
seconds (range 12.9 to 16.2 seconds). 


SUMMARY 


The method of continuous measurement of the concentration of intra- 
venously injected Evans blue dye in whole arterial blood by means of an ear- 
piece oximeter or a cuvette oximeter for whole blood has revealed abnormal 
patterns in the dye curves obtained in the study of patients who have certain 
types of eardiovasecular disorders, Various causes for artifacts in the records 
have been discussed; when these are understood and recognized it appears that 
a given dye curve may fall into one of five general patterns: (1) the normal 
pattern, (2) the heart failure pattern, (3) the pattern of left-to-right shunt, 

4) that of the right-to-left shunt, and (5) that of the combination of a left-to- 
right with a right-to-left shunt. Diagnostic application of these observations 
has been discussed. The method shows promise as a relatively simple screening 
procedure (particularly when cardiac catheterization is being considered), as a 
means of obtaining some added information in those cases that are deemed un- 


*Coefficient of variation: (standard deviation + mean value) X 100. 
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suitable for cardiac catheterization, and as a possible method for following the 
course of cardiae failure or the changes in blood flow resulting from surgery 
on the heart and great vessels. Quantitative studies may find clinical applica- 
tion in the simultaneous determination of circulation time, cardiae output, and 
Evans blue space in a variety of conditions affecting the circulation. An in- 
cidental finding in normal men is the unusually constant value for the mean 
systemic recirculation time of blood. 


The authors acknowledge with gratitude the valuable technical assistance of many 
others, particularly Roy Engstrom, Thomas Bunting, Lucille Cronin, Corinne Hoffman, 
Ardyth Hanson, Marguerite Koelsch, and Janet Robinson, in carrying out these studies. 
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COMPARATIVE EFFECTS OF ETHER, ALCOHOL, TETRAETHYLAM- 
MONIUM, AND PRISCOLINE IN PRODUCING VASODILATATION 
IN PERIPHERAL VASCULAR CONDITIONS 


WiILuiAM J. Reepy, A.B., M.Sc. (Mep.), M.D. 
OMAHA, NEB. 


HE determination of therapeutic and diagnostic effectiveness of various 

agents in peripheral vascular conditions has made a real demand upon 
investigators and clinicians. It is apparent from the literature that no single 
pharmacological agent has been uniformly consistent in producing the de- 
sirable effect of increased blood flow to the extremities. 

In many people suffering from peripheral arterial insufficiency there is a 
functional element of vasoconstriction superimposed on the organie occlusive 
changes. The functional element which is considered to be due to overactivity 
of the sympathetic vasoconstrictor system can be altered by various pro- 
cedures. This relates strongly to the question of the degree of constriction or 
vasospasm necessary to reduce perceptibly the blood flow through a vessel. 
Mann! and Baldes? have demonstrated experimentally in dogs that the area of 
the lumen of an artery may be reduced as much as 90 per cent before a 50 per 
cent reduction in blood flow oceurs. After the constriction is sufficient to 
‘ause appreciable change in blood flow, additional constrictions have marked 
effects. The reduction in flow is rapid after a certain critical point in the 
degree of constriction has been reached. 

In correlating their data with the human peripheral circulation it is 
reasonable to conelude that any small effect in relieving vasoconstriction by 
vasodilators is helpful. Any agent which allows one to measure the degree of 
vasoconstriction is important diagnostically and therapeutically. 

It is commonly known that ether anesthesia produces a dilatation of the 
peripheral vessels. Katz’ reported favorable results with intravenous ether in 
ischemic gangrene in a fairly large series of cases in this country. 

Aleohol is another agent frequently used in the management of arterial 
insufficiency and which is generally agreed to be capable of producing a rise 
in skin temperature. 

Tetraethylammonium (Etamon Chloride) and benzylimidazoline (Pris- 
coline) have received a popular clinical trial in recent years in the study of 
normal and diseased peripheral vascular states. The pharmacologic actions 
of these drugs have been reiterated in the literature since their descriptions by 
Acheson and Moe* * and by Chess and Yonkman,® * Ahlquist and co-workers,* ° 
and Hendrix and associates.'° It will not be reviewed here. 
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METHODS 


The present study embraces the results of clinical investigation with several drugs used 
to produce vasodilation in the presence of peripheral arterial insufficiency. Sixteen subjects 
were studied, including eleven with arteriosclerosis of the lower extremities, one with arterio- 
sclerotic endarteritis obliterans of the upper extremities, and four with vasospastic disorders 
of the lower extremities. Fifteen of these subjects received Priscoline, eleven received tetra- 
ethylammonium, six received aleohol, and six received ether. These drugs were used for their 
comparative vasodilator effects in the same individuals under as nearly similar circumstances 
as possible. 

All drugs were administered intravenously, usually in the following dosages: Priscoline, 


75 mg.; tetraethylammonium, 500 mg.; 


g.; ethyl alcohol and ether 25 ¢.c. in one-half liter of 5 
per cent glucose or physiologic saline solution. 

The fasting subject, abstaining from tobacco for at least two hours, was placed semi- 
recumbent in a cool room free from drafts. The lower extremities from mid-thigh to toes 
were exposed to the environment for forty-five minutes to two hours. The remainder of the 
body was covered with a single woolen blanket to keep the patient comfortable. 


The room temperature during each experiment was less than 74° F. (23.5° C.) except in 
Case 15 when it was maintained at 77° F. (25° C.). The room temperatures were controlled 
in each instance so that there was never greater than 2° C. variation in the environment. This 
was considered adequate to eliminate environmental temperature as a possible cause of an in 
crease in the skin temperature. No more than one drug was administered to each subject in 
one day. 

Temperature readings of the skin of the dorsum of all digits proximal to the nail were 
taken by means of the Dermalor.11. This area reflects a decrease or increase in the blood flow 
to the skin of the toes and offers a satisfactory indication of blood supply to the skin of that 
organ,12 

Control skin temperature readings were taken repeatedly under basal conditions until 
they became stabilized at low levels. Blood pressure and in some instances pulse rate were 
recorded. Skin temperature readings of each toe were taken at five- to ten-minute intervals 
following the initial injection. Blood pressure recordings were observed every one minute 
following the injection until the immediate effect began to disappear, and then recordings 
were determined every five to ten minutes. Observations of the skin temperature were made 
for no less than one hour following administration of the drug. In those instances in which 
any appreciable skin temperature rise occurred, readings were continued until the tempera- 
ture reached a peak and then began to decrease. 

RESULTS 

Group I.  Vasospastic Disorders——Four subjecets were studied in this 
group. Following Priscoline all four subjects demonstrated a digital skin tem- 
perature rise of 7.4° C. or more. The maximum skin temperature attained in 
each subject after Priseoline was 31° C. or more. This is within the normal 
‘ange of vasodilatation. 

Two subjects received tetraethylammonium. One of these, Case 13, 


’ 


showed a rise of 5.4° C. in the right great toe and reached a normal vasodilata- 
tion level of 32.4° in this toe. In both subjects the average maximum skin 
temperature reached for all digits of each foot was below the normal vasodila- 
tation level. 

Two subjects received 5 per cent aleohol. One of them exhibited an aver- 
age of 8.6° C. rise in skin temperature for all digits of the right foot. The 
maximum skin temperature reached in this patient was normal. The other pa- 
tient showed no significant response. 








ESS 








igi ab sae 


Siphes 


Pin 


— 


SBE: 


RMN iS PORE ie Se ache 









z, 
- 
: 








EFFECTS OF DRUGS IN PRODUCING VASODILATATION 367 


Two subjects who were given 5 per cent ether solution showed no re- 
sponse, 

Table I illustrates the numerical values for skin temperatures obtained 
in this group of patients. 

Group II.  Arteriosclerosis Obliterans—Twelve subjects were studied in 
this group. 

Priscoline: Eleven patients received Priscoline. Ten of them demon- 
strated 2° C. or more rise in digital skin temperature in one or both extremities. 
Two patients, Cases 11 and 12, are excluded in considering the maximum skin 
temperature obtained after Priscoline because the initial control temperatures 
of the toes remained too warm. Seven of the subjects attained a normal vaso- 
dilatation level of 31° C. or higher in one or both extremities. 

Tetraethylammonium: Nine subjects were studied for their digital ecu- 
taneous response following tetraethylammonium. Only four of these ex- 
perienced a rise in skin temperature of 2° C. or more in one or both extremi- 
ties. None of them reached a normal vasodilatation level. 

Alcohol: Four subjects received intravenous aleohol. None of them ex- 
hibited vasodilatation as determined by skin temperature responses. 

Ether: Four subjects received ether solution. One of them, Case 2, had 
an average of 9.5° C. rise in skin temperature for all toes of the right foot 
but failed to reach a normal level of vasodilatation. The opposite extremity 
showed an actual decrease in skin temperature in this instance. 

Table I is a record of the skin temperature changes for this group of sub- 
jects. It can be seen that following the administration of these drugs, sev- 
eral subjects actually experienced a decrease in skin temperature. This oe- 
curred more frequently after tetraethylammonium, alcohol, and ether. 

Blood Pressure and Pulse Rate-—Priscoline: The blood pressure decreased 
in the majority of subjects. The initial drop occurred within two minutes after 
injection and usually returned to the preinjection level in about thirty min- 
utes. The pulse rate was increased in all subjects in whom it was recorded. 
The tachyeardia produced by Priscoline was transient, varying fifteen minutes 
to one hour after the drug was given. 

Tetraethylammonium: The blood pressure usually decreased following the 
injection of this drug and remained depressed for several minutes. The blood 
pressure usually returned to the basal level within ten to thirty minutes. 

Alcohol and Ether: The blood pressure and pulse changes following the 
administration of these agents are shown in Table II. Only a few observations 
were made after these agents were given. 

Side Reactions—Priscoline: All subjects developed marked flushing of the 
face. Sensations experienced by these people were described as ‘‘weakness,’’ 
‘rapid heart,’’ ‘‘coldness, abdominal pain, tingling,’’ ‘‘dizziness,’’ and 
‘inereased blood to the fingers.’’ The sensations varied among subjects. Two 
patients, Cases 3 and 14, experienced a shaking chill following Priscoline. The 
liastolie blood pressure was unobtainable in Case 14 immediately after admin- 
istration of the drug. This patient had complained of angina for several years. 
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CASE 


TABLE I. 


RIGHT 
NET 
| DIGIT |S3ASAL| MAX, 
l 91.2 33.6 12.4 
1-5* 21.1 31.9 10.9 
l 21.2 31.6 10.4 
1-5 21.0 31.4 10.6 
l 25.4 30.4 5.0 
1-5 24.5 30.4 5.9 
1 22.0 34.2 12.2 
1-5 22.2 33.6 11.4 
] 27.6 27.6 0.0 
1-5 7.5 28.2 0.7 
I 22.8 294 °&6.6 
1-5 S33 .31,7 7.6 
1 | 23.0 342 «211.2 
1-5 23.0 33.9 10.8 
l 29.0 31.0 2.0 
1-5 27.4 31.9 4.5 
5 le = 
1-5 
a 21 238 -03 
1-5 24.1 24.1 0.3 
l 28.8 29.1 0.3 
1-5 9.1 31.2 2.1 
| (338 359 23 
1-5 33.9 36.1 2.2 
“1 (246 322 76 
1-5 ees. Shy 7.4 
1 |255 35.0 9.5 
1-5 24.5 35.3 10.7 
+ tes 314 is 
1-5 20.1 32.55 12.3 
- 1 | 27.0 36.4 9.4 
1-5 26.9 36.3 9.4 


*Average for all five toes, 


EFFECTS ON SKIN 


PRISCOLINE 


CHANGE |3ASAL 


REEDY 


21.8 23.3 
21.4 22.6 
22.0 24.0 
21.8 $3.3 
| 24.1 22.0 
23.9 22.0 
227 3a. 
257 ° 33.3 
29.0 31.2 
2 a} eg 
23.8 30.6 
23.5 30.3 
25.5 30.0 
24.9 28.5 
27.2 31.8 
26.3 31.1 
25.8 26.0. 
26.1 26.7 


131.9 326 


31.9 32.7 
33.5 34.6 
Bf 34.4 
DR 310 
22.2 31.0 
24.4 35.4 
24.2 35.6 
0.6 31.0 
20.7 Se 
26.6 36.7 
26.7 36.6 


TEMPERATURE 


LEFT 


MAX. | CHANGE 


| 


NET 


FOLLOWING 


BASAL] MAX. 


OF Various Drvas, 
TOE AND FOR ALI 


ADMINISTRATION 


SKIN TEMPERATURI 
“TETRAETHYLAMMONIUM 








1.5 20.8 
1.2 20.4 
2.0 22.0 
1.3 21.6 
2.1 22.3 
1.9 | 22.1 
10.4 | 23.3 
10.4 | 23.0 
12 | 25.0 
2.0 | 24.8 
6.8 | 24.2 
6.7 | 24.5 
4.5 | 24.9 
3.6 | 24.7 
4.6 | 31.0 
4.7 29.1 
| 24.0 
| 23.8 
~ 0.2 r as 
0.4 | 
77 
0.8 | 
bs ee 
1.1 
8.2 | 27.0 
8.7 26.0 
11.0 | 22.2 
11.4 | 22.1 
10.4 





RIGHT LEFT 
| NET | | NET 
CHANGE | BASAL} MAX. | CHANGI 
ARTERIOSCLEROSIS 
20.9 0.1 21.6 21.2 -04 
20.6 0.2 21.2 21.1 —().1 
22.6 0.4 227 25.2 2.7 
22.9 12 | 22.7 26.1 3.4 
225 0.2 22.2 22.6 0.4 
2.7 0.5 22.2 22.0 0.3 
27.4 4.1 34 296 £462 
25.7 2.8 22.9 28.3 5.4 
24.6 0.4 24.4 254 1.0 
24.8 —(),4 23.8 24.6 0.8 
244 O02 | 248 252 04 § 
25.2 0.6 24.7 24.5 1.2 
244 —-05 | 28.3 27.4 -0.9 
24.5 -0.2 27.4 26.9 -0.3 
29.1 -1.9 97.4 28.8 1.4 
29.8 0.7 6.5 28.9 3 
28.6 4.6 | 23.8 24.4 0.6 
6.2 2.4 23.6 23.8 0.2 
_— FWA SOSPASTI 
32.4 5.4 24.2 26.2 2.0 
9.0) 2.9 23.3 27.0 3.6 
23.2 1.1 =| 224 236 ~°«12 
23.0 0.9 22.2 22.9 0.7 





An electrocardiogram taken immediately evidenced no changes from a pre- 


vious normal tracing on this man. 


stances. 


Tetraethylammonium: 


Cardiae arrhythmia appeared in two in- 


All subjects who received this agent experienced 


paresthesia of the lips, upper extremities, and toes which they described as 


tingling. 


warmer in spite of no objective skin temperature increase. 
not know that they were getting alcohol during the test. 


Alcohol: 


Several of the patients stated that their lower extremities felt 


These people did 
Several of them 


stated during the infusion of aleohol that they felt the same as “after a 


couple of drinks.’’ 
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ALCOHOL “ETHER 
ie RIGHT | LEFT ~ RIGHT ; LEFT 
NE’ | CHANGE NET | | CHANGE 
[ANGE BASAL | MAX, NET BASAL MAX. | CHANGE | MAX, BASAL NET BASAL | MAX. CHANGE 
WROSIS Ml OBLITERANS ee : ; 
0.4 Me 20.7 21.2 0.5 21.3 21.0 -().3 23.8 20.4 3.4 24.0 20.9 3.1 
-0.1 20.5 20.7 0.2 20.4 20.2 —0.2 22.6 21.5 oe 23.7 20.8 3.1 
Fim 5.0 222 28 | 24.6 22.2 -2.4 "21.7 31.0 9.3 22.2 22.3 0.1 
3.4 25.0 22.1 -2.9 24.7 22.2 2.5 21.3 30.8 9.5 29:9 22.1 1 
04 HP 254 216 3.8 | 25.6 21.8 3.8 | 245 23.8 -0.7 24.0 23.6 0.4 
0.3 24.7 17 2.9 24.9 21.4 =33 24.1 23.9 0.2 23.8 23.7 ~0.1 
62 Mm 2.8 26.0 oS | 24 82 -11 ; . 
54 24.6 24.6 CO | @t.7 26.7 —1.0 
‘1.0 Saas 229 ~0.8 23.0 220) =t0 
0.8 | 22.9 23.0 0.1 22.7 2.8 0.1 
— — ee — — —_ | _ a a - eeentieememnetmieemetementiinimes | — - 
A | | 
iz fg a ee eT | ee a : . : 
~().9 
~().3 
14 & 7 4s owe . 
23 OF 
- —_ Z — a ————EEEe | _ _ = —_ —E —EE — — 
0.6 % | 
0.2 ag | 
eee z ee Loaf os = ee 
_f_ a eT, ae = ee eee 
PASTI( i DISORDERS 
2.0 HE 23.2 33.2 10.0 | 226 30.6 8.0 25.0 21.0 4.0 24.4 20.0 4.4 
3.6 93.3 32.0 8.6 22.2 28.3 6.1 24.7 20.8 3.8 23.8 20.5 3,2 
12 24 216 £24 | 236 216 °—2.0 942 22.9 2.0 | 242 222 © ~2.0 
0.7 23.1 21.4 —2.2 21.5 —1.5 23.9 2.0 -1.8 24.3 22.2 -2.0 
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23.0 


Ether: Infusion of ether produced thick speech, garrulity, ‘‘dizziness,’’ and 


mild exeitement. 


administrations of ether in the acute tests done in this study. 


DISCUSSION 


There were no instances of gastric upset during these single 


The intravenous injection of ether had no consistent effeet on digital cu- 


taneous blood flow as determined by skin temperature studies. 


In 


one of 


six subjects there was evidence of increased skin temperature, but the re- 
mainder demonstrated a decrease in digital skin temperature. 
that intravenous ether in a 5 per cent solution fails to improve the cireula- 
If it improved skin circulation there 


tion to the skin of the lower extremities. 


should be an increase in skin temperature. 


This indicates 


These results agree with those of 
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EFFECTS OF DRUGS IN VASODILATATION 





PRODUCING 


Weisman and Allen'® who demonstrated the failure of ether to improve the 
peripheral circulation. Clinical trials with intravenous ether in subjeets not 
included in the present study have shown that there is relief of pain in the 
absence of peripheral vasodilatation. It may be that intravenous ether inter- 
rupts pain impulses without producing demonstrable vasodilatation. 

The failure to conform to the widespread agreement that aleohol has defi- 
nite vasodilating effects is difficult to explain. The results of this study may 
have been due to different susceptibilities in various individuals. The initial 
control skin temperatures were not unlike those at which these same subjects 
showed an increased response in skin temperature following the use of other 
vasodilators in this series. The amount of aleohol given intravenously is 
equivalent to about 60 ¢.c. of whiskey by mouth. Five of the six subjeets who 
received intravenous alcohol failed to exhibit an increase in surface tempera- 
ture. These same five subjects, however, exhibited an excellent digital skin 
temperature increase following Priscoline in either one or both extremities. 

Tetraethylammonium failed to elicit the increased flow of blood to the skin 
reported by others. This drug has been reported useful as an index of the pos- 
sible benefits that might be derived from a lumbar sympathectomy in periph- 
eral arteriosclerosis obliterans.’* It failed to demonstrate the surprising de- 
gree of abnormal vasoconstriction which is often associated in this type of 
arterial insufficiency. 

The failure to approach the normal vasodilatation level in six of the 
eleven patients tested with tetraethylammonium would indicate that there 
was a slight element of vasoconstriction. This would imply that there was a 
preponderance of organic occlusive changes. But this is not the situation 
evidenced by the response of these same subjects to other vasodilating agents 
in this study. The short duration and subnormal vasodilation level obtained 
with tetraethylammonium were such that it seems unlikely that it could be of 
great therapeutic value. 

Several of the patients given Priscoline were astounded to palpate the 
skin of their own feet and actually find it warm to their touch. This ap- 
peared to have a strong psychological influence upon the patient. It seemed 
to make him realize that something could be done for his feet which had been 
cold for so many months. 

It appears that the increase in skin temperature is in proportion to the 
degree of organie obstruction. The subjects who had a different net change 
in surface temperature between the right and left toes also exhibited more 
symptoms and physieal findings in the leg showing the lesser rise in skin tem- 
perature. There is a correlation between the degree of obstruction of the 
peripheral vessels, the clinical picture, and the skin temperature response. 

The appearance of increased skin temperature after Priscoline was slower 
than with tetraethylammonium and its duration of action was considerably 
longer. In the four patients observed for changes in pulse rate after Priscoline 
the average increase was twenty-six beats per minute, while in six patients 
after tetraethylammonium the average pulse rise was 6.6 beats per. minute. 
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Priscoline caused a more rapid pulse, a less intense drop in blood pressure, and 
a greater degree of peripheral vasodilatation than the other agents used in 
this series. 

In peripheral arteriosclerosis the patient may have an abnormal amount 
of vascular tone. This concept is supported by these studies because in the 
instances of obliterative arteriosclerosis where there were absent pulsations 
and other evidences of arterial insufficiency there was still a capacity of these 
vessels to dilate. This capacity was manifested by the response in skin tem- 
perature following some of the pharmacologi¢ agents used. 

Any agent which can decrease the variable factor of vasoconstriction and 
thereby augment the arterial blood flow to the skin is worth while and is an 
important means of treating arterial insufficiency. If the arterial lumen of 
an extremity is entirely organically occluded, then it is unreasonable to ex- 
pect that a vasodilating agent, either medical or surgical, will be beneficial. 
One must consider its effects on the collateral circulation which may be ex- 
periencing an abnormal amount of vasoconstriction which serves as a physi- 


ologie unit in the dissipation of heat." 


' SUMMARY AND CONCLUSIONS 

Several drugs were tested for their immediate vasodilating action follow- 
ing a single administration. The results here do not reflect the results of treat- 
ment with these agents. 

The intravenous infusion of 5 per cent ether solution had a minimal effect 
on digital cutaneous blood flow as measured by skin temperature determinations. 

A single administration of 5 per cent alcohol infusion produced vasodilata- 
tion in a subject with vasospastie disturbance of the lower extremities but pro- 
duced no increase in four subjects with arteriosclerotic peripheral vascular 
disease. 

The administration of intravenous tetraethylammonium appeared to have 
a weak effect upon the production of inereased cutaneous blood flow as 
measured by skin temperature determinations. This effect was minimal and 
ineconstant. These studies suggest that tetraethylammonium is not a suf- 
ficiently potent agent for use in estimating the degree of vasoconstriction in 
peripheral vascular disorders. 

The single administration of intravenous Priscoline appeared to be quite 
effective in relieving the component of abnormal vasoconstriction associated 
with arteriosclerotie obliterative vascular disease. This agent was effective 
in releasing abnormal vasoconstrictor tone in vasospastie disorders. 

Priscoline was the most consistent and most effective vasodilator of sev- 
eral agents compared in this study. 

The presence of arteriosclerosis in extremities does not necessarily in- 
dicate arterial insufficiency. If arterial insufficiency is demonstrated to be 
present, then the use of vasodilating agents may clearly indicate to what ex- 
tent the arterial insufficiency is due to organic occlusive changes. In addition 
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to the demonstration of arteriosclerosis, the absence of palpable pulsations and 
decreased oscillometric excursions may not indicate occlusive organic arterial 
disease alone but may reflect abnormal vasoconstriction in the presence of 
sclerotic vessels. 

Priscoline is offered as a test agent to aid in separating the element of 
vasoconstriction from the mechanical obliteration of the lumen. 

If there is no surface temperature response to the administration of 
intravenous Prisecoline, it may be interpreted as very probable that the ar- 
terial insufficiency is due to organic occlusion of the vessels as the result of 
thrombosis or meehanieal block. 

The vasodilating capacities of intravenous ether, aleohol, and _ tetra- 
ethylammonium were more inconstant, unreliable, and less effective than those 
of intravenous Priscoline. 
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THE PRECIPITATION OF CEREBROSPINAL FLUID GLOBULIN BY 
ZINC SULFATE 
ALFRED M. Donovan, M.D.,* JosepH M. Fotey, M.D., ANpD 
WiLuiAm (C. Motonry, M.D. 
Boston, Mass. 


HE routine estimation of globulin fractions in the cerebrospinal fluid has 

depended upon rather coarse and empirical qualitative estimations, the best 
known of which are the phenol test (Pandy), the ammonium sulfate test (Ross- 
Jones), and the colloidal reactions. In 1942, Kabat, Moore, and Landow' aec- 
complished an electrophoretic analysis of cerebrospinal fluid proteins and pointed 
out a proportional increase of gamma globulins in certain disease states, notably 
neurosyphilis and multiple sclerosis. Kabat, Freedman, Murray, and Knaub in 
1950? reported on their experiences with the immunochemical technique for 
albumin and gamma globulins in the cerebrospinal fluid. They found gamma 
globulins to be in proportional excess in almost all eases of neurosyphilis, and 
in eighty-five of one hundred cases of multiple sclerosis, even in the presence of a 
normal quantity of total protein. 

Observations on the mechanism of the first-zone colloidal reaction have 
shown it to be related to a proportional excess of gamma globulins.**° The 
frequent occurrence of such curves in neurosyphilis and their less common 
occurrence in multiple sclerosis are well known. The colloidal reactions, how- 
ever, are not amenable by their very nature to suitable quantitation. 

In addition there are many other disease states in which an alteration of 
cerebrospinal fluid protein may occur. Since antibodies are contained in the 
gamma globulin group, a knowledge of the variation in gamma globulins may 
be expected to yield additional information about the manner of the host response 
to the meningitides, the virus encephalitides, and the postinfectious encephalomy- 
elitides. Simplified techniques of studying individual spinal fluid protein frae- 
tions may also lead to a better understanding of the relationship between the 
blood and the spinal fluid proteins. 

Until the work of Kabat and his colleagues, the major obstacle in the study 
of multiple sclerosis had been the complete absence of any single measurable 
fact. The importance of Kabat’s work lies not so much in the aid it might give 
in diagnosis as in the implications it contains for evaluating the significance of 
a possible measurable variable. However, the techniques of electrophoresis and 
immunochemistry are not suitable for routine use in a busy clinical laboratory. 

In 1949, Delcourt and Manet® applied the thymol turbidity test to the 
cerebrospinal fluid and demonstrated a correlation with the colloidal mastic 
reactions. They found a high degree of positivity in neurosyphilis, and con- 


From the Clinical Research Laboratory of the First and Third Medical Services and the 
Neurological Unit, Boston City Hospital. 


Received for publication, Oct. 11, 1950. 


*The work of Dr. Donovan was aided by a grant from the St. Luke’s Guild of Boston. 


374 








eer Sree 


in pu cies eas 














PRECIPITATION OF CEREBROSPINAL FLUID GLOBULIN BY ZINC SULFATE 375 


eluded that the thymol turbidity demonstrated gamma globulins in the cerebro- 
spinal fluid. No fluids from eases of multiple sclerosis were included in their 
material. 

It is the intention of this preliminary report to submit data on another test 
which is easy to perform, which uses a stable reagent, and which correlates 
effectively with neurosyphilis and multiple sclerosis. 

In 1947, Kunkel’ demonstrated that dilutions of serum with solutions of 
the salts of heavy metals resulted in the precipitation of various protein fractions 
according to the concentration ofthe heavy metal used. Because zine salts ean 
be buffered more effectively than other heavy metals in the desired range of pH, 
Kunkel used zine sulfate (ZnSO,.-H.O), with a barbital buffer. Electrophoretic 
analysis showed that the fraction thrown out of solution by this reaction was 
mostly of the gamma globulin group. This test, performed as a turbidity reac- 
tion, has found some usefulness in hepatocellular disease. 

The application of this principle to the proteins of the cerebrospinal fluid 
therefore seemed feasible. 


TECHNIQUE 

(1) The reagent is prepared as follows: 1.44 Gm. of zine sulfate (ZnSO,-;H,O), 3.62 
Gm. of barbital, and 1.20 Gm. of sodium barbital are dissolved in 1,000 ¢.c. of distilled water. 
The resulting clear solution represents a 0.005 molar concentration of zine sulfate, at a pH 
of 6.9. The reagent will remain stable indefinitely at this pH. 

(2) To 1 ee. of the reagent in a 3 c.c. 10 mm. bore test tube is added 1 ¢.c. of cere- 
brospinal fluid. The tube is inverted once for thorough mixing, and then allowed to stand 
for four hours. 

(3) The result is read at the end of four hours as a precipitation reaction on a 0 to 4 
plus basis. 

(4) A 1 plus reaction is defined as a slight degree of precipitation which only lines 
the concavity of the bottom of the tube. A 2 plus reaction is a discrete compact mass. A 
3 plus and 4 plus reaction are proportionally greater degrees of precipitation. Usually a 
3 plus precipitation shows a slight turbidity of the supernatant fluid, while the supernatant 
above 4 plus precipitation is clear. 

The colloidal gold used in this study was prepared according to a modification of Lange’s 
gold chloride method, adjusted to a pH of 6.8. Total proteins were determined by the 
sulfosalicylic acid method. 

RESULTS 

The test has been used to date on over 1,000 samples of cerebrospinal fluid. 
The data presented apply for the most part to those cases in which we were able 
to obtain satisfactory information about the clinical state of the patient. 

It was found by clinical correlation that a 1 plus reaction involves so many 
uncertainties that in the state of present knowledge we have thought it advisable 
to class it with the negative reactions. 


CORRELATION WITH OTHER SPINAL FLUID FINDINGS 


Blood Cells.—The presence of white or red blood cells was so often associated 
with an elevated total protein that it was not possible to draw any conclusions 
regarding the influence of these elements per se on the zine reaction. However. 
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one fluid from a patient with presumed lymphoecytie choriomeningitis with 220 
lymphoeytes per cubic millimeter and 150 mg. of protein per 100 ¢.c. showed 
a negative reaction. 

Pandy Test.—The Pandy reaction is used in our laboratory for estimating 
abnormalities of globulin. Our experience with the Ross-Jones, Nonne-Apelt, 
and Weichbrodt reactions is too small to allow any conclusions. Table I docu- 
ments our experience with the zine sulfate and Pandy reactions in 235 consecu- 
tive cases, not including neurosyphilis or multiple sclerosis. In 132 cases both 
reactions were negative, and in thirty-one cases both were positive. The zine 
was negative while the Pandy was positive in sixty-six cases, and the Pandy was 
negative while the zine was positive in only six. Sixty-two of the sixty-six cases 
had a total protein above 40 mg. per cent. The Pandy reaction therefore appears 
to be too sensitive to elevations in total protein to be effective as an indicator of 
spinal fluid protein disproportion, except in the normal range of total protein. 
TABLE I. COMPARISON OF THE ZINC SULFATE AND PANDY REACTIONS IN 235 CONSECUTIVE 

MISCELLANEOUS CASES 


ZINC NEG. | zINCPos. | | 
TOTAL PROTEIN BOTH NEG. PANDY POS. PANDY NEG. | BOTH POS. | TOTALS 
Below 40 118 4 4 0 126 
40-99 14 58 2 13 87 
100-199 0 4 0 10 14 
Above 200 0 0 0 8 8 
— ae as” ee 0 020 6 6 i = 


Total Protein.—The effect of elevation of the total protein per se on the zine 
sulfate precipitation is also evident from Table I. Of eighty-seven cases in the 
range of protein from 40 to 99, seventy-two showed a negative zine reaction. 
Four out of fourteen fluids in the 100 to 199 range of total protein were zine 
negative, demonstrating that the zine is capable of negativity through at least 
part of this protein range. There have been no cases with total proteins above 
170 in which the zine reaction was negative. 

Colloidal Gold.—Correlation with the colloidal gold reaction as used in our 
laboratory was very high. More specific examples of this correlation will be 
seen in the section on neurosyphilis and multiple sclerosis. Table II shows the 
results in 454 fluids. (A negative gold curve is defined as one in whieh the 
highest figure is 2. A first-zone curve is defined as one in which the highest 
decoloration appears in the first or second tube). A _ positive zine test was 
present in thirty-six of forty first-zone curves, or 90.0 per cent. The four eases 


TABLE II. CORRELATION OF THE ZINC SULFATE REACTION WITH THE COLLOIDAL GOLD REACTION 


COLLOIDAL GOLD ZINC REACTION 





BY ZONE TOTAL | NEGATIVE POSITIVE — 
First 40 4* (10%) sit. 36(90%) 
Mid 95 40 (42.1% ) 55 (57.9% ) 
End 3 0 3(100% ) 
Negative 316 300(95.0% ) 16(5.0% ) 

45 


*2333321110, 2332211000, 2333221000, 2333321100 
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in which the zine test was negative and the gold was first-zone showed no gold 
decoloration in excess of 3. <A negative zine test was associated with a negative 
gold reaction in 300 of 316 fluids, or 95.0 per cent. The mid-zone curve showed 
the greatest discrepancy, since the zine reaction was positive in only fifty-five 
out of ninety-five cases or 42.1 per cent. 


Sugar and. Chlorides.—Sinee significant variations in sugar and chlorides in 





the fluids were always associated with changes in cells and protein, it was not 
possible to assess the influence of changes in the concentrations of these sub- 
stances. 

CORRELATION WITH DISEASE STATES 

The crucial clinical test for the zine sulfate reagent was its degree of correla- 
tion with neurosyphilis and multiple sclerosis. 

Neurosyphilis.—Thirty-seven patients with neurosyphilis have been ex- 
amined. The arbitrary definition of neurosyphilis for the present purpose has 
been the presence of a positive Hinton and/or Wassermann reaction in the 
spinal fluid with or without other abnormalities. Table III shows the results of 
these examinations, with reference to the zine precipitation, the colloidal gold 
reaction, and the total protein, and Table IV shows the comparison between the 
colloidal curves and the zine positivity. Thirty-two of the thirty-seven fluids 
were significantly positive. A first-zone curve (in the broadest interpretation ) 
was present by the gold reaction in twenty-four instances, and a mid-zone curve 
in four. In five remaining cases in which there was zine precipitation, the gold 
reaction was negative. In five cases, both the gold and the zine reactions were 
negative. The relation to the total protein in these fluids showed that the zine 
reagent was capable of precipitating a significant quantity of protein even when 
the total protein was only 16 and 20 mg. per 100 eubie centimeters. 

Multiple Sclerosis —Twenty-one fluids from as many patients with un- 
doubted multiple selerosis have been examined, and the findings in respect to 


TABLE IIIT. THIRTY-SEVEN CASES OF NEUROSYPHILIS IN ORDER OF TOTAL PROTEIN 








TC ITA L | | | TC ITAL | | 
PROTEIN | GOLD ZINC | PROTEIN | GOLD ZINC 
; 2a 3332221100 2 47 2333221100 2 
20 5543321100 2 47 2333221100 4 
28 0122110000 0 50 0123321100 2 
30 4433321100 3 50 0123321100 2 
oO. 4443332110 3 51 2333322110 3 
32 0122211100 2 51 5555433221 3 
37 5543332100 3 52 5443332110 3 
38 0122011000 0 59 5555332100 4 
38 5443332110 3 59 2333221100 2 
39 0011221100 0 63 5554332110 3 
40 0122211100 2 70 5555432110 4 
41 3333221000 2 12 5554333210 4 
4] 0122110000 2 88 5555443210 4 
42 0000111100 0 92 5555432110 4 
42 3333221100 2 110 5555433221 4 
42 5543332100 3 120 0012332210 3 
42 0122110000 1 139 5554333210 4 
45 0112221110 2 171 2223333221 4 

47 2333332110 a 


| 
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TABLE IV. TuHIrry-SEVEN CASES OF NEUROSYPHILIS—CORRELATION OF THE GOLD AND ZINC 
REACTIONS 





}+ 3o+ | 94 1+ NEG. TOTAL 
First zone 7 10 7 0 0.—-”.:s« 24 
Mid-zone 1 l 2 0) 0 4 
Negative 0 0 4 l t 9 
Total — S 11 13 ] } 


total protein, colloidal gold, and zine precipitation are listed in Table V. The 
correlation with the colloidal curves is given in Table VI. It should be noted 
that degree of positivity bears no special relation to the total protein. The zine 
precipitation was significantly positive in nineteen of these cases, or 90.5 per 
cent. The colloidal gold gave a first-zone reaction in eighteen, or 85.7 per cent, 
and a mid-zone reaction in two cases. In ten of the seventeen first-zone reac- 
tions, the highest decoloration was 3. The only gross discrepancy between the 
zine reaction and the colloidal gold appeared in Case 1, in which there was no 
decoloration of the gold despite a 3 plus zine precipitation. These results were 
not checked, and it is possible that they represent a technical error. 


TABLE V. TWENTY-ONE FLUIDS FROM MULTIPLE SCLEROSIS 


TOTAL TOTAL | 





CASE PROTEIN GOLD ZINC | CASE PROTEIN | GOLD ZINC 
l 27 3 11 26 ~ 4433221100..-—2- 
2 33 3 12 31 4433221100 re 
3 34 2 13 42 4433332110 2 
4 13 3 14 19 2333321100 1 
5 18 : 2 15 27 5543332210 2 
6 29 9% 3 16 48 2333221000 1 
7 32 2: 2 17 20 3333221110 2 
8 39 2332 2 18 5543333210 3 
9 38 4443 3 19 40 2333221100 2 

10 120 1233332100 3 | 20 43 2333321100 2 

21 56 4443321100 3 


| 


No correlation was possible between clinical activity and the presence or 
absence of significantly positive zine reactions. Case 14, with a 1 plus reaction, 
was known to have had no new signs or symptoms for almost eight months. 
Case 16, with a 1 plus reaction, was one of a group of badly disabled, far- 
advanced cases, in which the determination of activity on clinical grounds is 
impossible. 

Three other cases of alleged multiple sclerosis were studied, in which both 
the gold and the zine reactions were negative. They were not included in Table 
V because of the very considerable doubt which attached to the diagnosis. 


TABLE VI, TWENTY-ONE CASES OF MULTIPLE SCLEROSIS—CORRELATION OF THE 
GOLD AND ZINC REACTIONS 





44 3+ 2+ 14 NEG. | TOTAL 
First zone 0 5 11 2 0 as 
Mid-zone 0 2 0 0 0 2 
Negative 0 1 0 0 0 | 
Total ; 6 Soe 2 - TORK Hee 
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Other Cases—The relative infrequency of positivity of the zine sulfate 
reaction in other eases is seen in Fig. 1 in which the close correlation with the 
colloidal gold in these conditions may be examined also. Exeluded from this 
group were fluids with proteins of 100 or over, and cases of multiple sclerosis, 
neurosyphilis, meningitis, encephalopathy, liver disease, and myeloma. Included 
are fifty-four cases of cerebral vascular disease, as well as fluids obtained during 
spinal anesthesia and from patients with epilepsy, uremia, Parkinson’s disease, 
amyotrophic lateral sclerosis, alcoholism, barbiturate intoxication, concussion, 
and many other disorders in which it is believed no disproportion of spinal fluid 
proteins should exist. 


Oo G@od~= ZINC GOLD ZINC GOLD ZINC 




























































































% NEURO~ MULTIPLE VASCULAR MISC. 
SYPHILIS SCLEROSIS 


Fig. 1—A comparison of the colloidal gold reaction and the zine sulfate precipitation 


reaction in the cerebrospinal fluids of neurosyphilis, multiple sclerosis, cerebral vascular disease 
and miscellaneous cases. 


Fig. 1 demonstrates that there is no really high order of specificity for the 
zine reaction. However, it is apparent that the reaction occurs in a far higher 
percentage of cases in multiple sclerosis and neurosyphilis than in a control 
group of cases of cerebral vascular disease and miscellaneous diagnoses. 

In this group, the zine reaction and the colloidal gold reaction again showed 
a high correlation. In fifty-four eases of cerebral vascular disease, the zine test 
was negative in thirty-nine, or 72.2 pei cent. In eight cases, or 14.8 per cent, 
the zine reaction was 1 plus. This high occurrence of the 1 plus reaction in the 
vascular group has led us to regard this degree of positivity as insignificant, a 
decision which may require modification as further work is done. 

The miscellaneous group showed even fewer positive reactions, 91.1 per cent 
of the seventy-nine cases giving negative zine reactions, with the same percentage 
giving negative gold tests. There were some instances in which the zine was 
negative and the gold positive, and vice versa. 


DISCUSSION 


The theoretical background of the precipitation of cerebrospinal fluid pro- 
teins by zine sulfate in the proper concentration and pH suggests that the 
material precipitated is either a gamma globulin or a protein mixture of which 
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vamma globulins constitute the major part. The consistency with which the 
reaction occurs in those disease states shown by other methods to be associated 
with gamma globulin excess gives additional support to this suggestion. How- 
ever, the possibility also exists that this is not merely a normal protein in excess, 
but an abnormal protein qualitatively distinct from those fractions separated by 
electrophoretic methods. Although the theoretical assumptions and the clinical 
correlations are helpful in suggesting a hypothesis about the nature of the pre- 
cipitated material, more direct confirmatory methods must be employed for a 
complete understanding of the reaction. Studies now in progress are designed 
to clarify the nature of the precipitated material. 

Whatever may be the nature of the material, however, a more satisfactory 
quantitation of the reaction must be attained to arrive at a knowledge of its 
significance in various disease states. Present study is being devoted to the 
matter of quantitative determination. 

It should be stressed that this reaction bears no constant relation to the 
protein, except for its universal positivity in the very high range of total protein. 
Precipitation may occur with total proteins as low as 19, and may fail to occur 
with total proteins as high as 170. As suggested by others, the significance of 
the abnormality depends on the ratio of the gamma globulin fraction to the other 
protein elements of the fluid, especially albumin. Sinee there is only an insignifi- 
cant amount of globulin in the spinal fluid other than gamma globulin, it 
should be possible when this test is quantitated satisfactorily to derive from it 
albumin-globulin ratio for cerebrospinal fiuid similar to that which is in use in 
the blood. For all practical purposes, the colloidal reactions express a dispro- 
portion of spinal fluid proteins. When positive, especially in the first-zone 
type of curve, they indicate that there has been a change in the albumin-globulin 
ratio of the fluid in favor of globulin. The colloidal tests are difficult to standard- 
ize, and cumbersome to perform. Since they are not suitable for quantitation, 
they should be replaced by a technique which will provide the same information 
on a measurable basis. 

Much of the current interest in gamma globulins in the cerebrospinal fluid 
relates to their significance in multiple selerosis. The zine sulfate test is limited 
as an aid in diagnosis by its lack of specificity. However, it should be noted 
that in none of the certain cases of this disease did precipitation fail to occur. 
More important is its value as a method of measuring a variable abnormality. 
The difficulty of evaluating activity in multiple sclerosis on clinical grounds 
alone is well known to every neurologist. Therapy in the disease is hampered 
by the lack of a measurable variable, since spontaneous improvements are so 
often mistaken for the result of a specific therapeutic procedure. It is possible 
that the variation of the spinal fluid gamma globulins represents variation in 
the activity of the disease process. A return to a more normal ratio as judged 
by the colloidal reactions occurs in successfully treated neurosyphilis, even in 
the absence of parenchymal involvement. Whether the same thing oceurs in 
multiple sclerosis can be determined only by a long-term study of the clinical 
and spinal fluid variations in many cases of this disease. 
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PRECIPITATION OF CEREBROSPINAL FLUID GLOBULIN BY ZINC SULFATE 


SUMMARY 


An easily standardized and simple zine reaction is described which pre- 
cipitates protein from cerebrospinal fluid. 

The theoretical assumptions, the correlation with the colloidal gold reaction, 
and the elinieal correlations suggest that the zine sulfate precipitates gamma 
globulin from the cerebrospinal fluid. 

This precipitation reaction shows a high degree of correlation with neuro- 
syphilis and multiple sclerosis. 

It is suggested that, after more effective quantitation, this reaction may be 
useful in measuring the degree of activity of the disease process in multiple 
sclerosis. 

REFERENCES 


1. Kabat, E. A., Moore, D. H., and Landow, H.: Electrophoretic Study of Protein Com- 
ponents in Cerebrospinal Fluid and Their Relationship to Serum Proteins, J. Clin. 
Investigation 21: 571, 1942. 

2. Kabat, E. A., Freedman, D. A., Murray, J. P., and Knaub, V.: A Study of the Crystalline 
Albumin, Gamma Globulin and Total Protein in the Cerebrospinal Fluid of One Hun- 
dred Cases of Multiple Sclerosis and in Other Diseases, Am. J. M. Se 219: 55, 1950. 

3. Gray, S. J.: Studies on Mechanism of Spinal Fluid Colloidal Gold Reaction, Proc. Soe. 
Exper. Biol. & Med. 51: 401, 1942. 

4, Kabat, E. A., Hanger, F. M., Moore, D. H., and Landow, H.: Relation of Cephalin Floe- 
culation and Colloidal Gold Reactions to Serum Proteins, J. Clin. Investigation 22: 
563, 1948. 

». Bernsohn, J., and Borman, E. K.: Proteins in the Colloidal Gold Reaction, J. Clin. 
Investigation 26: 1026, 1947. 

6. Deleourt, R., and Manet, Ch.: Application au liquide céphalorachidien des réactions de 
floculation sérique. Le thymol tét, Acta neurol. et psychiat. belg. 2: 96, 1949. 

7. Kunkel, H. G.: Estimation of Alterations of Serum Gamma Globulin by Turbidimetrie 

Technique, Proc. Soc. Exper. Biol. & Med. 66: 217, 1947. 














PRIMARY ATYPICAL PNEUMONIA WITH HIGH TITER OF COLD 
HEMAGGLUTININS, HEMOLYTIC ANEMIA, AND FALSE 
POSITIVE DONATH-LANDSTEINER TEST 
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HE occurrence of hemolytic anemia in patients with: primary atypical 

pneumonia has been recognized for some time. The association of this phe- 
nomenon with cold hemagglutinis has been described by various authors.’* It 
has been suggested by many that the hemagglutinins might play a role in the 
pathogenesis of the hemolytic process. Snavely and Coleman* recently have 
offered direct evidence of the pathogenesis of this type of anemia in vivo. Hemo- 
lysis occurred in a patient with a high titer of cold hemagglutinins when the 
arm was immersed in cold water. 

The purpose of this paper is to report another case of hemolytic anemia in 
a patient with primary atypical pneumonia and a high titer of cold hemag- 
glutinins. This case presents further in vitro evidence of the pathogenesis of the 
anemia. The Donath-Landsteiner test was apparently falsely positive in this 
patient. We wish to emphasize certain dangers in the care of these patients with 
high titer of cold hemagelutinins. 


Clough and Richter5 were among the first to describe cold hemagglutinins in a patient 
with bronchial pneumonia, They found that these hemagglutinins are a property of the 
serum. The active factor was contained in the globulin fraction of the serum. The titer 
increased as the temperature was lowered. The process was completely reversible on warming 
the agglutinated cells. The Donath-Landsteiner test was reported as negative in their case. 
Incidentally, their case had a rather pronounced drop in hemoglobin with no explanation. 

Finland and co-workers! have described the characteristics of cold hemagglutinins in 
primary atypical pneumonia. They found that cold hemagglutinins usually appeared in the 
second or third week, reached a maximum in the second to fourth week, and began to subside 
in the third to fifth week. They disappeared in the fourth to sixth week, although in some 
eases the hemagglutinins persisted longer. They found that the titer of cold hemagglutinins 
increased with the severity of the disease. Cases of acute hemolytic anemia with high titer of 
cold hemagglutinins were described. Agglutination of red cells in the periphery of the body 
was suggested. 

There has followed a series of articles on the association of primary atypical pneumonia, 
cold hemagglutinins, and hemolytic anemia. Dameshek2 described cases of hemolytic anemia 
in the presence of high titer of cold hemagglutinins in three patients who had received 
sulfonamides. No hemolysins were found, but when venous blood was allowed to clot and 
to stand in the ice box or at room temperature, hemoglobinemia of the serum developed. He 
suggested that hemagglutinins and hemolysins are closely related antibodies. He believed that 
hemagglutinins injured the red cell membrane and thereby rendered the red cells more 
susceptible to trauma and stasis. The Donath-Landsteiner test was reported as negative. 

Ginsberg’ described a case of acute hemolytic anemia with primary atypical pneumonia 
associated with high titer of cold hemagglutinins without sulfonamides. The Donath-Land- 
steiner test was negative but blood clotted at room temperature hemolyzed slightly. 
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Snavely and Colemant have reported a patient with primary atypical pneumonia and 
with high titer of cold hemagglutinins who developed acute hemolytic anemia after having 
been chilled by a sponge bath. As previously stated, it was shown that blood from an arm 
that had been chilled was hemolyzed after a short period of time. The Donath-Landsteiner 
test was again negative here. 

The Donath-Landsteiner test was described in 1904.6 It was thought to be pathog- 
nomonic of paroxysmal hemoglobinuria and was thought to depend on the presence of com- 
plement. Syphilis was almost always present in these cases. The test indicates the presence 
of an autohemolysin which combines with the red blood cells at low temperature and com- 
pletely hemolyzes them on raising the temperature. The test as described by Kolmer? 
does not require the presence of complement. There is apparently no hemagglutination in- 
volved in the Donath-Landsteiner test; consequently, the hemolysins should be distinguished 
easily from cold hemagglutinins. 

The relation of cold hemagglutinins and cold hemolysins has been somewhat clarified 
by Stats’ who found that mechanical shaking of agglutinated cells was necessary for the 
breakdown. He ‘found that slight agitation of agglutinated cells liberated hemoglobin. He 


SBS 
stated that mechanical trauma is necessary for cold hemolysis. 


Contrary to previous writers, we have found a false positive Donath-Land- 
steiner test in a patient with primary atypical pneumonia, a high titer of cold 
hemageglutinins, and hemolytie anemia. 


CASE REPORT 


-atient C. W. M., a 30-year-old white woman, entered Piedmont Hospital on July 23, 1947, 
with pneumonia. She had developed cough, fever, and headache eight days before admission. 
Sulfadiazine with sodium bicarbonate was given daily for six days. The urine was of normal 
color. The urine output was adequate. 

Her past history consisted of whooping cough, measles, and chicken pox. She had had 
a tonsillectomy and appendectomy. The family history was noncontributory. There was 
no past history of jaundice or drug idiosyncrasy. 

Physical Examination.—The patient was lethargic. The temperature was 102.8° F., the 
pulse 104 per minute, and respirations 56 per minute. The blood pressure was 128/70. Her 
skin had an ashen color. The lips and nail beds were cyanotic. Respiration was labored. 
The pharyngeal mucosa was inflamed. The left lung field and the right lower lobe were 
dull to percussion, Breath sounds were increased over these areas. Numerous moist rales 
were heard. The heart sounds were distant and regular. The abdomen was distended. The 
liver and spleen were not enlarged. The neurological examination showed no _ pathologic 
findings. , 

Roentgenogram of the chest showed a patchy type of consolidation involving the major 
portion of the left lung and the lower lobe of the right lung. (Fig. 1.) 

Laboratory Examinations.—Urinalysis was negative. The white blood cell count was 
8,450 with a normal differential. The red blood cell count was 4,090,000; the hemoglobin 
was 12.6 grams. The blood sedimentation rate was 85 mm. (Westergren). Blood cultures 
were negative. The blood type was group O, Rh positive. The sputum was negative for 
pneumococci. 

Course in the Hospital.—The patient was placed in an oxygen tent set at 68 degrees. 
Penicillin therapy was begun. Her temperature ranged from 100° to 102°. She drank large 
amounts of iced beverages. 

On the third hospital day, the patient showed little change. She still required the 
oxygen tent. The cold hemagglutinins were positive in 1:32 dilution. By the sixth hospital 
lay her temperature was 100°. The pulse rate remained around 120 per minute. The pneu- 
nonic process showed evidence of beginning resolution. The patient began complaining of 
enderness in the epigastrium. The liver and spleen were not felt at that time. Her skin 
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was slightly icteric. The urine and stools were dark brown. The urine was strongly positive 


for urobilinogen but negative for bile and hemoglobin. An electrocardiogram showed evidence 
of myocardial damage. (Fig. 2.) The patient was given digitoxin, although the signs of 
cardiac failure were equivocal. 

On the tenth day in the hospital, the patient was extremely weak. She complained of 
aches in her back and legs. The liver was felt at the right costal border. The spleen was 


not definitely felt but the patient was tender over the splenic area. The urine was a dark 





red color. The icterus index was 80 units. The red blood cell count had fallen to 1,430,000. 
The hemoglobin was 5 grams. The cold hemagglutinins were positive in 1:4,096 dilution. 
The white blood cell count was 45,750 with immature cells of the myeloid series present in 
the differential count. (Fig. 3.) 

The urine was alkalinized. The ice was removed from the oxygen tent. The patient 
had been drinking large amounts of iced beverages and these were discontinued. <A series of 
five transfusions of type O, Rh-positive blood was started. The laboratory experienced dif- 
ficulty in cross-matching the blood. Agglutination occurred at room temperature, but not at 
incubator temperature. The cells in the cold hemagglutinin test hemolyzed after being brought 
to room temperature. The Donath-Landsteiner test was ‘‘ positive.’’ 
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The patient’s jaundice subsided by the thirteenth hospital day. Icterus index was 20 
units. The urine and stools were normal in color. The white cell count was normal. The 
chest was clear. The patient’s pulse remained fast. She developed circumscribed, tender, 
purple-red nodules over the pretibial areas. Tie cold hemagglutinins were positive in 1:128 
dilution on Aug. 13, 1947. The patient’s subsequent course was not remarkable. The elec- 


trocardiogram returned to normal limits. 





Fig. 2. 


DISCUSSION 

This patient had a severe primary atypical pneumonia involving both 
lungs. Her cold hemaggultinins rose to an unusually high titer and were active 
at room temperature. The hemolytic anemia occurred while the titer was very 
high. This was associated with a !eucemoid reaction as is seen in acute hemolytic 
processes. It was found that when blood was chilled, agglutination oceurred. 
When this blood was warmed, some hemolysis was noted in the supernatant 
serum. However, even at cold temperatures some hemolysis was noted. The 
Nonath-Landsteiner test done with guinea pig serum as complement and as 
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described by Kolmer without complement was slightly positive. There was 
not complete hemolysis as one would expect in cold hemoglobinuria where there 
are true hemolysins rather than hemagglutinins. However, the test was suffi- 
ciently positive to be confused with the true Donath-Landsteiner reaction. 

In vivo chilling of an extremity was done only after the titer of cold hemag- 
glutinis had fallen to a relatively low level. Slight evidence of hemolysis was 
still noted in blood drawn from the forearm one hour after chilling the hand in 
ice water as per Coleman and Snavely.*' The red, hard areas which developed on 
this patient’s legs resembled erythema nodosum, but one wonders if they had 
any relation to the cold hemagglutinins and intravascular clotting. 
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Fig. 3. 


This patient had received sulfonamides. The acute anemia did not occur 
until the patient had been off the sulfonamides for about a week. It has been 
shown by several authors* * that hemolytic anemia in primary atypical pneu- 
monia occurs without sulfonamides. However, sulfadiazine cannot be ruled out 
as an etiologic agent in this case. 

Whether or not the cold oxygen tent and cold beverages precipitated the 
anemia cannot be proved. Certainly any such patient should not be subjected 
to cold temperature. Also, one would think that transfusions should be given 
warm as the cross-matching showed that agglutination occurs at room tempera- 
ture. Cold blood entering the vein might be aggultinated and hemolyzed as 
it enters the blood stream. 

Cold hemagglutinins have been described in a great variety of conditions: 
tonsillitis, measles, rheumatic heart disease, tuberculosis, pernicious anemia, 
lymphoblastoma, purpura, cirrhosis of the liver, pregnancy, bronchogenic car- 
cinoma, pulmonary embolism, Raynaud’s disease, and acrocyanosis. A number 
of authors have reported several phenomena in association with cold hemag- 
glutinins. In addition to hemolytic anemia, acrocyanosis® has been described, 
intravascular thrombosis,’° symmetrical gangrene,'' and Raynaud’s phenome- 
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non.'? It would seem that in the treatment of patients with primary atypical 
pneumonia with high titer of cold hemagglutinins that certain preeautions 
should be taken, namely : 


(1) Chilling should be avoided in these patients: cold oxygen tent, spong- 
ing, cold air, cold drinks, or antipyretics. 

(2) Blood should be warm when transfusions are-given and cross-matehing 
should be done at body temperature to prevent false positive agglutinations. 

(3) These patients should be warned against cold when allowed to go home. 

(4) Blood counts should be followed closely in these patients. 


SUMMARY 


A ease of primary atypical pneumonia with a high titer of cold hemag- 
glutinins and acute hemolytic anemia is presented. 

The Donath-Landsteiner test for paroxysmal cold hemoglobinuria was 
slightly or falsely positive. 

Chilling of patients with a high titer of cold hemagglutinins would seem 
to be contraindicated. 
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URING recent vears several modifications of technique for the complement 

fixation test have received wide application to the laboratory diagnosis 
of rickettsial infections. The extensive use of one or the other of these modi- 
fications has raised the question of the relative sensitivity and specificity of 
these tests. Five procedures commonly used have been the Bengtson comple- 
ment fixation test with 2 full units of complement'; the Bengtson test with 
1% full units of complement*?; the modified Kolmer test as described by Van 
Der Scheer and co-workers*; the modified Bengtson test as used by the Rocky 
Mountain Laboratory at Hamilton, Mont.'; and the Rocky Mountain Labora- 
tory test with 114 units of complement. 

It is the purpose of this paper to present a comparison of the foregoing 
five methods in respect to their relative sensitivity and specificity as aids in 
the diagnosis of rickettsial infections. Since the question of the differential 
diagnosis of murine typhus as opposed to epidemic typhus does not commonly 
arise in this country, no experiments using as antigens the washed suspensions 
of typhus rickettsias have been included in this study. We are not aware of 
published evidence that the use of appropriate washed rickettsial antigens in 
the complement fixation test has succeeded in distinguishing rickettsialpox 
from Rocky Mountain spotted fever. Furthermore, washed antigen suspen- 
sions of these two rickettsias were not available commercially at the time this 
study was earried out. For these reasons the rickettsial antigens used in this 
study have been the “soluble antigens” of murine typhus, rickettsialpox, and 
Rocky Mountain spotted fever, in addition to the washed suspension antigen 
for Q fever. These preparations are now readily available commercially and 
are in routine use by those Public Health Laboratories which engage in the 


serologic diagnosis of the rickettsioses. 


EXPERIMENTAL 


The serum samples employed in this evaluation were: forty-eight human sera from 
clinically typical cases of endemic (murine) typhus; thirty-seven human sera from suspected 
but clinically atypical cases of murine typhus; and forty-eight sera giving negative reactions 
in complement fixation tests, from persons living in a nonendemic area and having no history 

Received for publication, July 26, 1950. 

From the Laboratory Service, Chamblee, Ga., of the Communicable Disease Center, Public 
Health Service, Federal Security Agency, Atlanta, Ga. 
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of an illness suggestive of typhus. Thirteen human sera giving positive complement fixation 
reactions for Rocky Mountain spotted fever also were tested. Only two sera positive for Q 
fever were available for comparison, There were included, in addition, sera from twenty-nine 
rats serologically positive for murine typhus. The human and rat sera which gave reactions 
with murine typhus antigen were obtained from the Typhus Investigations and Control Station 
at Thomasville, Ga.* All other sera were obtained from the reference diagnosis service of the 
Communicable Disease Center. 

The main respects in which the five tests differed in technique one from another are set 
forth in Table I. 

All serum specimens were tested with antigens for murine typhus, Rocky Mountain 
spotted fever, rickettsialpox, and Q fever. The optimal quantity of antigen was determined 
by the checkerboard titration method with each antigen against the homologous standard anti- 
serum. With each of the four antigens a separate antigen titration was made for each of the 
five test methods, and the quantities of antigen used in the titration and in the final tests 
were in accordance with the respective authors’ directions for each test method. These titra- 
tions were performed with every new lot of antigen employed.t 

Other reagents included hemolysin and guinea pig complement purchased from com- 
mercial sources, sheep erythrocytes, and standard antisera for murine typhus, Rocky Moun- 
tain spotted fever, rickettsialpox, and Q fever. 

Sera were diluted 1 in 4 and then inactivated for thirty minutes at 56° C. Further 
twofold dilutions then were made extending to 1 in 1,024. 

Appropriate serum and antigen controls as well as positive and negative sera were in- 
cluded in each of the tests. The highest serum dilution which gave 3 plus or 4 plus fixation 


was recorded as the titer of the serum. 


TABLE I. SALIENT DIFFERENCES AMONG THE COMPLEMENT FIXATION TESTS EVALUATED 


| AND TIME OF 


| j 
| QUANTITY OF | QUANTITY OF | TEMPERATURE DURATION OF | HEMOLYTIC 
| 


TEST COMPLEMENT ANTIGEN OF FIXATION FIXATION SYSTEM 
Bengtson 2 full units 4 units ar °C, 1 hr. 1 hr, at 37° C. 
original 
Bengtson 114 full units { units 37° C. L hr. l hr. at 37° C. 
modified 
Kolmer 2 exact units 2 units 4-6° C, 18 hr. Read tests 
modified after con- 
Hamilton 2 full units 2 units 4-6° C, 15-18 hr. trols clear 
laboratory 1% hr. at 37° C, 
Hamilton 114 full units 2 units 4-6° C, 15-18 hr. 
laboratory 1% hr. at 37° C. 
modified 


RESULTS 

1. The Relative Sensitivities of the Five Complement Fixation Techniques 
for the Rickettsioses.—The relative sensitivities of the five complement fixation 
techniques for the rickettsioses, as shown by the testing of human sera posi- 
tive for murine typhus, of human sera positive for Rocky Mountain spotted 
fever, and of rat sera positive for murine typhus, are shown in Table II. In 
Table II the test techniques are arrayed in order of increasing sensitivity, with 
a progressively smaller number of negative specimens, accompanied by a pro- 
gressively larger number of specimens attaining higher titers. It is noted that 


*The authors acknowledge with appreciation the assistance of Dr. E. L. Hill, Surgeon, 
Public Health Service, in the collection of sera at the Typhus Investigations and Control 
Station. 

_ tLederle Laboratories was the only available commercial source of antigen and of standard 
antiserum at the time this study was made. 
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TABLE II. TABLE SHOWING RELATIVE SENSITIVITIES OF FIVE COMPLEMENT FIXATION 
TECHNIQUES FOR THE RICKETTSIOSES 


NUMBER OF SPECIMENS GIVING TITERS OF: 


ANTIGEN | NEG.| 1:4 | 1:8 | 1:16 | 1:32 | 1:64 | 1:128 | 1:256 | 1:512 | 1:1,024 


TECHNIQUE | 


Tests on 48 human sera positive for murine typhus 


B Typhus 9 7 5 6 7 13 1 
MB Typhus 6 7 5 5 7 12 6 
MK Typhus 2 } 9 7 8 9 9 
HL Typhus l 4 6 8 3 8 18 
MHL Typhus 0 l 6 6 9 3 23 

Tests on 13 human sera positive for RMSF 
B RMSF 4 4 2 ] ] 0 ] 0 
MB RMSF 3 2 3 3 0 | 0 1 
MK RMSF 3 3 3 1 Z 0 1 0 
HL RMSF 3 3 2 2 l l l 0 
MHL RMSF 2 2 2 5 0 1 (0) 1 

Tests on 29 rat sera positive for murine typhus 

B Typhus 6 6 12 3 2 
MB Typhus 4 3 5 8 7 2 
MK Typhus 2 5 2 10 8 2 
HL Typhus 0 3 1 q 15 3 
MHL Typhus 0 ] l } 8 12 2 | 


B, Bengtson. 

MB, Modified Bengtson. 

MK, Modified Kolmer. 

HL, Hamilton Laboratory. 

MHL, Modified Hamilton Laboratory 


with this series of human typhus sera the only procedure to detect all forty- 
eight of the positive reactors was the modified Hamilton Laboratory technique ; 
of the remaining four techniques, the original Bengtson test failed to detect 
nine reactors, and the modified Bengtson test, the modified Kolmer test, and 
the original Hamilton Laboratory test failed to detect six, two, and one posi- 
tive specimens respectively. 

In the short series of human spotted fever sera the difference between the 
five techniques in respect to the number of undetected positives was not strik- 
ing, although the same trend was present. The original Bengtson test failed 
to detect four positive sera, the modified Hamilton Laboratory test failed to 
detect two positives, and the remaining three procedures failed to detect three 
positive sera each. The reactions of these thirteen sera with the rickettsialpox 
antigen were not significantly different from the reactions with the Rocky 
Mountain spotted fever antigen, results which are in keeping with the apparent 
close relationship of these two rickettsias. 

All of the twenty-nine typhus positive rat sera were detected by all of the 
five techniques—there were no false negatives. Here likewise the five tech- 
niques gave, in the ascending order of Table Il, progressively higher titers. 
Because of the fact that some rat sera are anticomplementary at lower dilu- 
tions, tests on the rat sera here were not made at dilutions below 1 in 8. An 
additional twenty-five rat sera which were negative by the original Bengtson 
technique were also negative when tested by the other four procedures. 

2. The Relative Specificities of the Five Complement Fixation Techniques 
for the Rickettsioses—The comparative specificities of the five complement fixa- 
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TABLE IIT. SUMMARY OF NONSPECIFIC REACTIONS OBTAINED IN COMPLEMENT FIXATION TESTS 
WITH RICKETTSIAL ANTIGENS BY FIVE DIFFERENT TECHNIQUES 


l NUMBER OF SPECIMENS GIVING 3+ OR MORE FIXATION 


AT 1:4 OR GREATER DILUTION WHEN TESETD BY: 
ANTIGEN B | MB MK | HL MHL 
48 sera positive for murine typhus 
Q fever 0 0 0 0 1 
RMSF 0 0 2 3 7 
Rickettsialpox 0 l 2 3 10 
37 sera negative for murine typhus by the Bengtson technique 
Typhus 0 0 1 1] 3 
Q fever 0 0 0 l 0 
RMSF 0 0 0 0 0 
Rickettsialpox 0 0 0 0 3 
48 sera presumed negative for rickettsial infections 
Typhus 0 0 0 0 0 
Q fever 0 0 0 0 1 
RMSF 0 0 0 0 0 
Rickettsial pox 0 0 0 0 0 





B, Original Bengtson technique. 

MB, Modified Bengtson technique. 
MK, Modified Kolmer. 

HL, Hamilton Laboratory. 

MHL, Modified Hamilton Laboratory. 


tion techniques are shown in Table HI. From among the forty-eight human 
typhus sera the modified Bengtson test gave only one false positive reaction, 
the modified Kolmer test four, the Hamilton Laboratory test six, and the 
modified Hamilton Laboratory test eighteen. The thirty-seven human sera 
derived from cases clinically suspicious but atypical of murine typhus showed 
one presumably false positive reaction with the Hamilton Laboratory pro- 
cedure and three presumably false positive reactions with the modified Hamil- 
ton Laboratory test. The five reactions here with the murine typhus antigen 
may or may not be false positives. 

Among the forty-eight presumably negative human sera there was only 
one false positive reaction, and that occurred only with the most sensitive of 
the five tests. 

TABLE IV. RELATIVE SENSITIVITY AND SPECIFICITY OF THE FIVE TEST PROCEDURES FOR THE 


SEROLOGIC DIAGNOSIS OF THE RICKETTSIOSES 





“SPECIFICITY 











SENSITIVITY 
TOTAL OF 90 POSITIVE SERA* TOTAL OF 484 NEGATIVE SERA TESTSt 
NUMBER OF | PER CENT NUMBER OF | PER CENT 
TECHNIQUE | FALSE NEGATIVES SENSITIVITY FALSE POSITIVES | SPECIFICITY 
Sa 13 85.6 0 100.0 
MB 9 90.0 1 99.8 
MK 5 94.5 5 98.9 
HL 4 95.6 8 98.4 
MHL 2 97.8 25 94.8 


B, Bengtson. 

MB, Modified Bengtson. 

MK, Modified Kolmer. 

HL, Hamilton Laboratory. 

MHL, Modified Hamilton Laboratory. 

*From Table II (add all positive sera). 

7From Table III (multiply each group of sera by the number of antigens used to get 
ra/tests and add total sera/tests). 
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The comparative sensitivities and specificities of the five techniques used, 


as calculated on a percentage basis from the data here available, are presented 
in Table IV. 
DISCUSSION 

The sensitivity and specificity of serologic reactions bear a degree of in- 
verse relationship to one another. If the sensitivity of a system is poised at a 
level calculated to detect the weakest reactor, it is likely to be accompanied 
by a larger number of cross reactions—specificity is to some extent sacrificed. 
This principle is borne out in the results presented in this paper, which indi- 
cate that the more sensitive Kolmer and Hamilton Laboratory tests are to some 
extent lacking in specificity. These findings are similar to those of Damon and 
Johnson’ and indieate that the procedure of overnight fixation in the cold 
contributes to greater sensitivity. 

It is becoming recognized more generally, in the matter of the serologic 
diagnosis of infection, that the result obtained from examination of a single 
specimen is of much less value than the examination of a series of two or more 
specimens of serum taken at appropriate intervals to permit the detection of a 
change in titer. Thus it is more important and more reliable to use and repeat 
a test of moderate sensitivity and reasonable specificity than to attempt to rely 
upon a single exhibition of a highly sensitive procedure. 

The use of the serologic survey as an index to the degree of present or past 
infection among a population presents a somewhat different problem. Re- 
peated specimens on the same individual are not, for this purpose, practical or 
necessary. One might wish to employ for a survey a procedure more sensitive 
than one suitable for diagnosis of current infection. Even here, however, an 
oversensitive test would be likely to be so nonspecific as to lead to a false im- 
pression of the incidence of infection. In any event one is faced with the 
problem of choosing that procedure which gives the most desirable balance 
between sensitivity and specificity. 

It appears that of the five test procedures examined, any of the first four 
as listed might be used to advantage if a second specimen was tested at an 
appropriate interval. With this proviso in mind, the original Bengtson pro- 
cedure might be preferred in a region where all of the four rickettsioses may 
occur, because of the high specificity of this test and a minimum of cross reac- 
tions. Conversely, the modified Hamilton Laboratory test appears to be the 
least desirable because of the numerous troublesome false positive reactions 
obtained. It appears that between these two extremes, the modified Kolmer 
technique occupies a happy middle position of balance between sensitivity and 
specificity. A preference in favor of the modified Kolmer technique is weighted 
by the fact that this procedure is already familiar to the workers of man) 
Publie Health Laboratories where it is in force in the routine serologic testing 
for syphilis. 

Either of the Bengston tests has the advantage that the result may lb: 
reported on the same day that the specimen is received. It is felt, howevei 
that one should discourage the widespread concept that a diagnosis of diseas 
‘an be properly confirmed by any single serologic test of “diagnostic titer.” 
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CONCLUSIONS 
A total of 153 sera classified as positive, suspected, or negative for murine 
typhus fever were tested with modifications of the Bengtson, Kolmer, and 
Rocky Mountain Laboratory complement fixation tests for rickettsial anti- 
bodies. A small number of sera giving positive reactions for Rocky Mountain 
spotted fever and Q fever also were compared. Fifty-four rat sera were studied 
in addition to the above-mentioned human sera. It was found that: 


The original Bengtson test was the least sensitive. 

The Rocky Mountain Laboratory test was the most sensitive but the least 
specific. 

The rickettsialpox antigen available at this time frequently gave the same 
as and even slightly higher titers than Rocky Mountain spotted fever antigen 
when both antigens were tested with Rocky Mountain spotted fever sera. 

It appears that of the five modifications of the complement fixation test 
here investigated, the Bengtson, modified Bengtson, modified Kolmer, or the 
Hamilton Laboratory test may be used to advantage provided interval speci- 
mens from the patient are available for testing. 

The modified Kolmer test possesses the advantages of medium specificity 
and sensitivity and the fact that the essentials of the technique are already in 
use in many laboratories. 
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THE EFFECT OF PROLONGED ADMINISTRATION OF ANTIBIOTICS 
ON THE HUMAN FECAL FLORA 
Howarp R. BrerMan, M.D.,* anp Ernest JAwetz, M.D., Pu.D.** 
San FRANCISCO, CALIF. 


URING a study on the influence of antibiotics on the course of leucemias 
and related diseases,’ ? it was noted that the stools of several patients 
treated with combinations of antibiotics were odorless. Bacteriologic studies 
indicated marked reduction and alteration of the normal feeal flora. Conse- 
quently the effects of prolonged administration of antibiotics on the com- 


position of the feeal flora were investigated. 3 
Clinieal and bacteriologic studies on the effect of antibiotic agents on the } 





fecal flora of man have been reported.*"! Most of these studies concerned 
themselves with the effect of single antibiotics, particularly streptomycin or 
aureomycin administered orally for short periods and as a rapid preoperative 
preparation for gastrointestinal surgery. Relatively prolonged administration 
of antibioties® * ** '° afforded variable and inconsistent results. An early 
depression of the bowel flora by streptomycin, Chloromycetin, or aureomycin 
oceurred and was soon followed by a substitution of drug-susceptible by drug- 
resistant organisms through mechanisms of selection or bacterial mutation." 

The present study was designed to answer the following questions. (1) 
Which agent or combination of agents is most effective in suppressing the 
fecal flora for long periods of time? (2) What specific changes are induced 
in the bacterial flora in the course of prolonged administration of antibiotics? 
(3) What bacterial species can be suppressed, and what others persist? (4) 
How rapidly do resistant forms emerge and how permanently can they estab- 
lish themselves in the bowel lumen? (5) Is a permanent alteration of fecal 
flora possible after the drugs have been discontinued? (6) What additional 
effects are observed with such antibiotic therapy, e.g., suppression of fecal 
pigments and odors, nutritional disturbances, evidence of drug sensitization, 
and possible influence on existing neoplastic disease? (7) Does prolonged 
administration of combinations of antibiotics produce any significant toxic 
manifestations ? 

MATERIALS AND METHODS 

Two children and two adults under close hospital observation were selected for this 
study. Penicillin was administered intramuscularly, 400,000 units once daily, as procain: 
penicillin. Aureomycin and Chloromycetin were given orally in four equally divided doses 
Received for publication, Oct. 7, 1950. 
*From the Laboratory of Experimental Oncology, National Cancer Institute, Nationa 
Institutes of Health, Public Health Service, and the Division of Medicine, University 
California School of Medicine. 
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throughout the day. Dihydrostreptomycin was administered intramuscularly twice daily in 


three cases. In the fourth patient (N. H.) this drug was given intramuscularly for four- 
teen days, and subsequently orally for six days. Aluminum hydroxide or other adsorbents 
were not administered during the period of study. 

Stools were collected from all patients several times a week and were examined bae- 
teriologically within less than eighteen hours after defecation. The following semiquanti- 
tative culture methods were employed. One-tenth gram of wet stool was weighed out and 


serial tenfold dilutions in saline were prepared. Representative dilutions were plated (0.1 e¢.c. 
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Fig. 1.—Continuous antibiotic therapy for nintey-six days. Note prompt reappearance of 
coliform organisms after aureomycin and Chloromycetin were discontinued. 


er plate) on blood agar and Endo’s agar media. The blood agar plates were incubated 
‘erobically and anaerobically. Dilutions of feces were heated at 80° C. for thirty minutes and 
\oculated into thioglycollate media.? All plates were incubated for twenty-four to forty-eight 
ours at 37° C., and the number of characteristic colonies was estimated. Stained smears 
ere prepared from colonies with atypical or uncertain morphology. Standard procedures 
r identification were carried out when bacteria could not be readily classified. The illus- 
ations record only bacterial species present in numbers exceeding five million organisms per 


am wet stool. 
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RESULTS 

The relationships between the administration of antibiotics and fecal flora 
were studied in two children and two adults for twenty to ninety-six days 
(Figs. 1 to 4). Intramuseular penicillin or dihydrostreptomyein did not eon- 
tribute toward the reduction of the fecal flora in any patient. When one or both 
of these drugs were administered or discontinued, no change in bacterial content 
the stools was observed. Oral dihydrostreptomycin (0.5 Gm. daily) like- 

wise had little effect on the feeal flora (lig. 4). 
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Fig. 2.—Complete disappearance of coliform organisms with aureomycin therapy and 
prompt reappearance after discontinuance of this antibiotic. Other antibiotics apparently 
ineffective against these coliform organisms. Dihydrostreptomycin effective in removing 
enterococci from fecal flora in this patient. 


All observed changes were attributable to the oral administration of 
Chloromyeetin, aureomycin, or both simultaneously. Two grams of Chloro- 
myeetin daily for fourteen days in one patient (N. H.) reduced the coliform 
flora (consisting largely of Aerobacter aerogenes) quantitatively, diminishing 
the fecal odor, but did not result in marked qualitative alterations (Fig. 4). 
The same dose of Chloromycetin in Patient W. K. again had little effeet on 











Fig. 


riginal suppression by aureomyein (Fig. 2). 
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.—Effectiveness of Chloromycetin in removing coliforms and enterococci from stool. 


coliform bacteria or enterococci, permitting the return of these organs after 


In a third patient (R. W.), 


? owever, Chloromyeetin suppressed the normal flora completely for fourteen 


‘ays, allowing only the growth of resistant yeasts and Pseudomonas aeruginosa 


Fig. 3). 





tively large dose (about 150 mg. per kilogram) of the drug. 


This patient was a small child of 13 kilograms, who received a rel- 
The addition 
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of aureomycin in Patient R. W. for a few days did not materially alter the 
flora. Aureomycin was mainly responsible for the suppression of the normal 
flora in Patient W. K. and probably in Patient P. F., favoring only the growth 
of resistant staphylococci, paracolon bacilli, yeasts, and Ps. aeruginosa. The 









































latter was susceptible in vitro to polymyxin B, but was not suppressed in 
Patient P. F. by 15 mg. per kilogram of this drug given orally for three days. 
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Fig. 4.—Failure of three antibiotics to alter fecal flora significantly without aureomycin in 
this patient. 


Suppression of the anerobic flora was irregular. Whenever the usual 
coliform bacteria were greatly reduced in number, fecal odor could no longer 
be detected, and the concentration of fecal pigment was greatly diminished.?” 
No digestive disturbances were observed in connection with either occurrence. 
and no evidence of vitamin or prothrombin deficiency could be detected. 
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Determinations of antibiotic sensitivity on some of the organisms per- 
sisting in the bowel in the presence of multiple antibiotics indicated almost 
complete resistance. The yeasts (Figs. 1 and 3) and the paracolon baeilli 
(Fig. 2) were completely resistant to 50 pg per milliliter of penicillin, chlor- 
amphenicol, streptomycin, aureomycin, and terramyein. The Ps. aeruginosa 
from Patients P. F. and R. W. were resistant in vitro to penicillin, chloram- 
phenicol, and streptomycin but were inhibited by 50 ue per milliliter of aureo- 
mycin and 10 wg per milliliter of terramycin. 


een oie 


There was a clear-cut balance between microorganisms of different vari- 
eties in the fecal flora. As the effective antibiotics (aureomycin and Chloro- 
mycetin) suppressed the normal coliform bacteria and enterococci, other 
organisms, particularly yeasts, pseudomonas, and paracolon bacilli, increased 
greatly both relatively and in absolute numbers. Within twenty-four to 
forty-eight hours after discontinuing the effective antibiotics, the normal flora 
invariably returned, and the resistant ‘‘opportunists’’ were promptly sup- 
pressed (Table I). 





TABLE I, RAPID CHANGE FROM ANTIBIOTIC-RESISTANT TO ANTIBIOTIC-SUSCEPTIBLE 
COLIFORM BACILLI 
INHIBITING CONCENTRATION (uG/ML.) FOLLOWING 
CESSATION OF ANTIBIOTIC THERAPY 
PATIENT DATE | AUREOMYCIN | TERRAMYCIN |CHLOROMYCETIN | STREPTOMYCIN 
R. W.* June 27 25-50 50 50-75 50-75 
R. W. June 30 2-5 2-5 | 2-5 10-25 
W. K.t June 26 | 50-100 50-100 50-100 25-100 
W. K. June 29 5-10 5-10 10-50 2-10 


8. 


*Antibiotics discontinued June 
*Antibiotics discontinued June 


DISCUSSION 
The data confirm the ability of aureomycin to reduce materially the normal 
feeal flora and to suppress coliform bacteria for weeks, as long as the patient 
is maintained on the drug. Chloramphenicol in high doses can probably 
achieve the same result in some instances. Using both chloramphenicol and 
aureomyein simultaneously, one patient (P. F.) was maintained essentially 
free from a normal intestinal flora for almost three months, without ill effects. 
The feces from this patient were practically odorless and did not contain a 
significant amount of pigment. Only small numbers of yeasts and Ps. aerugin- 
ssa could be recovered from the stool, for a period of about one month. 
Nevertheless, these organisms were promptly suppressed and the coliform flora 
eturned as soon as the antibiotics were discontinued. Experience in all four 
‘ases indicated that no permanent change in bowel flora could be induced by 
) he administration of antibiotics. Resistant forms appearing in the bowel 
; lora during antibiotic administration were also unable to establish themselves 
) : ermanently, removing this possibility as a valid contraindication to pro- 
nged antibiotic therapy. 
Vitamin deficiencies have been observed in patients with inadequate food 
take during multiple antibiotic therapy.’* The good nutritional intake in 
iese Cases may account for the absence of such clinical deficiency states. 
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The practical value of reduction of the flora of the gastrointestinal tract 
as preoperative preparation of suitable patients needs no further comment.* * ° 
The possible influence of antibiotics on leucemic¢ states! and reticuloendotheli- 
osis? might be related to the marked change in the flora of the intestinal tract. 
There was no evidence of vitamin or other nutritional deficiency in the pa- 
tients during the prolonged administration of antibiotics. Thus, a deficiency 
state would not appear to be responsible for the apparent therapeutic effect. 
It has been suggested’ that aureomycin may exert its antimicrobial activity 
through an inhibition of aerobic phosphorylation. This action may possibly 
effect cells other than microbes. 


SUMMARY AND CONCLUSIONS 


Two children and two adults were given combinations of antibiotics for 
periods of twenty to ninety-six days and the alterations in the feeal flora were 
investigated. 

Aureomycin or Chloromycetin or both simultaneously were effective in sig- 
nificantly suppressing the feeal flora for long periods. Penicillin and dihydro- 
streptomycin administered parenterally in combination were unable to ma- 
terially influence the fecal flora. 

Aureomycin caused the prompt disappearance of coliform organisms from 
the stool with marked reduction in the usual associated flora. Resistant 
staphylococci, pseudomonas, and yeasts were cultured from the stool during 
aureomycin therapy. 

Resistant organisms appeared as the effective antibiotics suppressed the 
normal coliform bacteria and enterococci, but the normal flora returned 
within twenty-four to forty-eight hours after the drugs were discontinued. 
Permanent alteration of the fecal flora was not observed in any patient after 
the therapy ceased. 

As the coliform bacteria were suppressed, so were the fecal odor and pig- 
ment. 

No toxicity or nutritional deficiency was noted during the prolonged ad- 
ministration of multiple antibiotics to patients with adequate food intake. 
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POLYMYXIN B AND POLYMYXIN E 
CLINICAL AND LABORATORY STUDIES 


B. M. KaGan, M.D., Davip Krevsky, M.D., ALBert Miuzer, M.D., Pu.D., AND 
Marcia Locke, B.S., Curcaco, ILL, 


INTRODUCTION 


N SPITE of the’ wide range of usefulness of the sulfonamides, penicillin, 

streptomycin, aureomycin, chloramphenicol, and terramycin, there remains 
a small group of infections that are due to species and strains of bacteria which 
resist these drugs. Early laboratory and clinical experience with polymyxin 
suggested that this antibiotic might fill some of the needs in this field. The pur- 
pose of the present study was to investigate this possibility. 

Polymyxin A (aerosporin or bacillosporin A) was first isolated in England 
by Ainsworth, Brown, and Brownlee! from Bacillus aerosporus Greer.2 At the 
same time a related antibiotic, now known as polymyxin D, was reported by 
Stansly, Shepherd, and White® in this country. Later two other distinct anti- 
biotics derived from strains of this bacillus were isolated and designated as poly- 
myxin B and polymyxin C.* Each of these antibioties differs from the others 
in its amino acid composition. In addition, Jones® isolated polymyxin E, which 
is identical with polymyxin A in qualitative composition but whose speed in 
partition chromatography resembles that of polymyxin B.° 

According to Brownlee and Bushby,’ the polymyxins are bactericidal rather 
than bacteriostatic. This action is very rapid. One of their remarkable proper- 
ties is that resistant strains are produced only with great difficulty. It is 
uniquely active exclusively against gram-negative organisms. In experimental in- 
fections in mice due to gram-negative bacteria, polymyxins A and D were found 
to be about ten times more effective by weight than streptomycin.” ® 

The polymyxins are principally basic polypeptides plus a fatty acid com- 
ponent. Their molecular weights vary between 1,000 and 1,300. They are stable 
in the dry state at room temperature. Solutions of polymyxin B may be kept 
in a refrigerator for at least two weeks without loss of potency. The standard 
of reference is a polymyxin A hydrochloride of high chemical purity, containing 
10,000 bio-assay units of antibiotic activity per milligram of dry substance. 

Schoenbach, Bryer, and Long® reported renal toxicity with the use of poly- 
myxin D. They observed albuminuria, cellular casts, fixation of specific gravity 
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of the urine, and azotemia. In the majority of patients, albuminuria was 
transitory and the more severe damage was limited to those who had pre-existing 
renal impairment. Swift! reported transient albuminuria in nine of ten patients 
treated with polymyxin A. 


Brownlee and associates* * reported that the administration of polymyxin B 
was not accompanied by danger of renal damage. They found that no proteinuria 
resulted from its use in man. This derivative, therefore, was chosen for the 
following studies. Later polymyxin E was included. 


MATERIALS AND METHODS 


Throughout this study one lot of polymyxin B hydrochloride was used, This was 
identified as Lot No. 0-896, Burroughs Wellcome code number N. D. No. 110. Its potency 
was 7,050 units per milligram of total solids. The lot number of polymyxin E sulfate was 
q-257 N. D. 117. Solutions for intramuscular injection were prepared by dissolving the con- 
tents of a vial in unbuffered 0.85 per cent sodium chloride solution. 

A survey was made of the comparative in vitro sensitivity of various bacteria isolated 
from different patients to polymyxin B and to other antibiotics. 

The sensitivities of various isolated bacteria to polymyxin B were tested by Hobby’s!! 
modification of the technique described by Brownlee and Bushby.?7 Polymyxin B hydrochloride 
was dissolved in sterile distilled water and diluted in nutrient broth* to a concentration of 50 
units (equivalent of 5 ug. of pure polymyxin A hydrochloride) per milliliter. To each 1.8 ml. 
of serial dilutions of this solution was added 0.2 ml. of a standardized culture of the organ- 
ism to be tested. These were mixed well and incubated at 37° C. for eighteen hours. The 
sensitivity was considered to be the least amount of polymyxin necessary for inhibition of 
growth as evidenced by absence of gross turbidity. 

The method for determiniation of serum polymyxin concentrations was a serial dilution 
technique similar to that used in this laboratory for serum penicillin determinations.29, 30 

Clinical observations were limited to those infections which did not respond to therapy 
with other antibiotics or the sulfonamides or to those which were due to bacteria showing 
marked resistance in vitro to the other drugs. 

The patients were selected from the Sarah Morris Hospital for Infants and Children, 
the Medical, Urological, and ENT services,t all of Michael Reese Hospital, and the pediatric 
services of Mount Sinai Hospital, Chicago, and of the Research and Educational Hospitals, 
University of Illinois Medical School. 

RESULTS 

Sensitivity to Polymyxin B of Various Bacteria.—Table I shows the sensi- 
tivity of 116 strains of common gram-negative pathogenic bacteria to polymyxin 
B hydrochloride and to streptomycin hydrochloride. Streptomycin was the 
antibiotic chosen because, of all those available, it has a bacterial spectrum of 
activity most similar to polymyxin. The data show that weight for weight 
polymyxin B is considerably more effective in vitro than streptomycin against 
the following organisms: Escherichia coli, Paracolon, Pseudomonas aeruginosa, 
Aerobacter aerogenes, Shigella, Salmonella, including S. typhosa, Hemophilus 

nfluenzae, and Klebsiella pneumoniae. Proteus morganii and Alcaligenes fae- 
alis were extremely resistant. In vitro sensitivity of several strains of the 
arious bacteria to polymyxin E showed its effect to be similar. 


*For Hemophilus inflenzae, 1 per cent dextrose veal infusion broth with 2 per cent 
hole blood was used. 

+We are indebted to Drs. Sidney Portis, Harry C. Rolnick, Elmer Friedman, M. L. Parker, 
nd Harry Levin for permission to study the adult patients, 
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TABLE I. SENSITIVITY TO POLYMYXIN OF 167 STRAINS OF GRAM-NEGATIVE 
BACTERIA ISOLATED FROM SICK INFANTS AND CHILDREN 


SE NSITIVITY (HG. ./ML. ) 


POLYMY XIN B _ STREPTOMYCIN 
NUMBER OF | | | ] 

ORGANISM STRAINS RANGE AVERAGE RANGE | AVERAGE 
Escherichia coli |. 38. | <0.005-0.80 <0. 19 5->80 | >25.1 — 
Paracolon 12 <0.005-0.8 <0.22 2.5-5 3.0 
Pseudomonas aerugi- | 31 0.1-2.0 0.49 20->80 >57.1 

nosa | j | 
Aerobacter aerogenes 24 <0.005-1.0 <0).60 1.25->80 >46 
Shigella 12 0.08-0,2 0.11 5-20 75 
Salmonella 11 0.1-0.254 0.23 20->80 >33.3 
Salmonella typhosa | 6 0.06-0.08 | 0.06 | 10-20 15 
Hemophilus influen- | 6 0.006-0.6 0.22 2.5->80 >29.2 

zae 
Klebsiella pneumoniae | 9 | = 0.06-0.8 0.21 | 5->80 | >54.2 
Proteus morganii 12 2.0->4.0 | Say 5->80 | 27.3 
Alealigenes faecalis 6 | 04540 | 522 | 10-20 | 15 


Finland and associates'* '* reported recently that the in vitro effectiveness 
of polymyxin B was greater than that of aureomycin and chloramphenicol 
against EF. coli, A. aerogenes, K. pneumoniae, and Ps. aeruginosa. 

Serum and Urine Concentrations of Polymyxin Following Oral, Intramus- 
cular, and Aerosol Administration.—Polymyxin B hydrochloride was adminis- 
tered orally to six normal children in a dosage of 2 mg. per kilogram body 
weight. Serum and urine specimens were assayed one hour, two hours, and 
four hours after administration of the drug. It was not possible to demonstrate 
active drug in any of these specimens. 

Polymyxin B was administered intramuscularly to six other normal chil- 
dren in a single dose of only 0.8 mg. per kilogram body weight. The serum 
levels varied considerably. At one hour they were 0.4 to 19.0 ng. per milliliter 
(av. 8.6); at two hours they were 1.0 to 9.2 ng. per milliliter (av. 5.1). At four 
hours they were 0.6 to 9.2 wg. per milliliter (av. 3.8). The urine iran at 
one hour had concentrations of 0.2 to 48.0 wg. per milliliter (av. 19.5); at two 
hours, 2.0 ng. per milliliter to 51.2 pg. per milliliter (av. 28.2), and at four 
hours, 0.2 ug. per milliliter or less in three cases. 

One infant was given 5.6 mg. (0.8 mg. per kilogram) of polymyxin B by 
aerosol dissolved in 1 ¢.c. of saline. Serum levels were 12 units at one hour, 12 
units at one and one-half hours, and 10 units at two hours. 

Clinical Observation.—Thirty-six patients were studied; thirty were infants 
or older children and six were adults. Thirty-three were treated with polymyxin 
B, two with polymyxin E, and one was treated first with polymyxin E and later 
with polymyxin B. 

The infants and children were given 0.8 mg. per kilogram every four hours. 
The maximum dose was 20 mg. every four hours. All the adults were given 
20 mg. every four hours intramuscularly. 

Twenty-two of the patients were treated for urinary tract infections, one 
for infection of both the urinary tract and the blood stream, nine for gastro- 
intestinal infections, two for pulmonary infections, one for chronic otitis media, 
and one for meningitis. 













Sak Aa rapa 
Peete 








Peers neato 








POLYMYXIN B AND POLYMYXIN E 405 


Infections of the Urinary Tract: Ot the twenty-two patients with urinary 
tract infections, seventeen were children and five were adults. Seven of the 
infections in children were due to E. coli, four to A. aerogenes, four to Ps. aeru- 
ginosa, and two were due to mixed infection with Ps. aeruginosa and A. aerogenes. 
All of these patients had received streptomycin, sulfadiazine, and penicillin 
and one had received chloramphenicol, all without avail. 

Four of the seven children with £. coli infections and three of the four with 
infections due to A. aerogenes had sterile urine after five days of therapy with 
polymyxin B. Repeated cultures in all these cases showed that they remained 
sterile. Another child had sterile urine on the fifth day, but one week later the 
urine culture again revealed A. aerogenes. 

Two patients with urinary infections due to Ps. aeruginosa had sterile urine 
on the fifth day, and they have remained well. Another child had sterile urine 
on the fifth day after therapy was begun and again, before discharge, seven days 
after therapy was discontinued. However, this child was readmitted one month 
later with a urinary infection again due to Pseudomonas. A fourth patient had 
previously had both EZ. coli and P. aeruginosa in the urine. Following a course 
of chloramphenicol and sulfadiazine, the FE. coli disappeared but the pseudomonas 
remained. After seven days of therapy with polymyxin B, the organism was 
still obtained on culture. The organism in this case was more resistant in vitro 
than the other strains (sensitivity was 2.0 ug. per milliliter). 

One 6-week-old infant* had purulent urine which showed, on repeated 
cultures, growths of both A. aerogenes and Ps. aeruginosa. Seven days after 
polymyxin B was started, the urine was sterile. After three weeks there was no 
pyuria but an occasional catheterized specimen still showed Pseudomonas. Clini- 
cal improvement was apparent three days after therapy was begun. At 6 weeks 
of age, when therapy was begun, the infant weighed 5 pounds 9 ounces (B.W. 
5 pounds 12 ounces). After twenty-five days of continuous therapy, he weighed 
7 pounds 2 ounces. Several weeks after therapy was stopped, fever and marked 
pyuria returned. At this time, cultures of the urine revealed Candida albicans 
and some colonies of E. coli, A. aerogenes, and Streptococcus faecalis. The child 
died at 4 months of age. Autopsyt revealed almost complete obstruction due 
to posterior urethral folds, bilateral hydroureters, left hydronephrosis, and 
hypoplasia of the right kidney with hydronephrosis. 

One child with a septicemia due to Ps. aeruginosa and a urinary tract in- 
fection due to Pseudomonas and A. aerogenes was treated with polymyxin B. 
This 4-month-old female infant was transferred from another hospital where 
she had bilateral otitis media due to hemolytic streptococci and Ps. aeruginosa. 
She had been given penicillin, sulfadiazine, and streptomycin. At the time of 
transfer, she had a septic temperature and appeared to be critically ill. Cultures 
f the drainage from each ear and of the blood revealed Ps. aeruginosa. Urine 
‘ultures revealed both Ps. aeruginosa and A. aerogenes. A second blood eulture 





*We are indebted to Dr. Benjamin Gasul and the Mount Sinai Hospital, Chicago, IIl., 
or permission to make these studies of the antibiotic therapy in this infant. 

+Dr. J. B. Richmond and Dr. S. D. Garrard kindly supplied the information on the 
utopsy in this case. 
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again revealed Ps. aeruginosa. Twenty-four hours after polymyxin was begun, 
there was clinical improvement, blood culture was sterile, and the otitis improved. 
On the third day, treatment was discontinued because a macular rash appeared 
on the patient’s face and she appeared to be more toxic than the day before. A 
urine culture at this time still revealed Ps. aeruginosa, but no eolonies of A. 
aerogenes were found thereafter. She continued to improve clinically. The 
Pseudomonas, however, persisted in the urine until approximately three months 
later, when they disappeared without active therapy.* 

Three children with urinary infections due to FE. coli were given polymyxin 
EK. In two eases, the urine was sterile after five and six days of therapy respec- 
tively. In one case, therapy was stopped after the third dose because of toxicity 
(see below). This patient was subsequently treated successfully with polymyxin 
B. 

Each of the five adults had pyelonephritis of long duration together with 
urinary tract obstruction which had not been relieved surgically. The causative 
organism in two was K. pneumoniae, in two Ps. aeruginosa, and in one A. aero- 
genes. In every ease, the infection had failed to respond to previous adminis- 
tration of penicillin, streptomycin, and sulfadiazine in the usual dosages. 

In none of these adult patients was the therapeutic response to polymyxin 
B favorable. Treatment was given for five to fourteen days. The cultures of 
urine showed the same bacteria at the end of the treatment as at the outset. All of 
the adults had some untoward reaction. These are described below. 

Altemeier’* found slow improvement in two adults with urinary tract in- 
fections due to Ps. aeruginosa. On the other hand, Pulaski and Rosenberg’® 
found that ten out of twenty adults were ‘‘unequivocally benefited’’ by poly- 
myxin therapy. They believe the optimum dose for adults is 2.5 mg. per kilo- 
gram per day divided into four doses for three days. They found that: local 
pain was obviated by solution of the drug in 1 per cent aqueous procaine. Jawetz 
and Coleman’® reported the treatment of ten adults with urinary infections. 
They gave 20 mg. every four to eight hours. When the infecting organism was 
inhibited in vitro by 0.4 ng. per milliliter, urine cultures became sterile within 
three or four days but bacteriologic relapses occurred, usually within one month. 

In the various studies of polymyxin B in adult urinary infections, the 
isolated bacteria were sensitive to the drug. The differences in the clinical 
results may have been due to differences in duration of illness, degree of renal 
involvement, and degrees of urinary obstruction as well as possible differences 
in concentration of bacterial cells in the infected tissue. 

Gastrointestinal Infections: Nine children were treated for gastrointestinal 
infections. 

Two children had dysentery due to 8. sonnei. They were treated with poly- 
myxin B orally only. A dose of 2 mg. per kilogram of body weight was given 
every four hours. The stools were free of the pathogen after three days of 
therapy and remained so in each case. The drug was continued for five days. 


*The follow-up information on this case was kindly supplied by Dr. Sol Ditkowsky. 
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The patients were improved clinically after the third day in one ease and after 
the fourth day of therapy in the other. Similar results were obtained in three 
children with dysentery due to Shigella alkalescens. In these cases, the drug 
was given both intramuscularly and orally. The stools in all three were free of 
the pathogen after the fourth day of therapy and remained so. Therapy in the 
latter three cases was continued for seven days even though the children seemed 
clinically improved after the third day. 

Ross and co-workers" gave larger doses (3 mg. per kilogram every four 
hours) and found that in all but two of sixteen cases of shigellosis in children, 
the organism disappeared from the stools within two days of initiation of 
therapy. 

One 2-month-old infant had dysentery due to Salmonella which had failed 
to respond to sulfadiazine. After five days of polymyxin B both intramuscularly 
and orally, the organism was still present. Ross and associates'’ reported two 
children similarly treated for nine and ten days respectively. In one the organ- 
ism disappeared and in the other it reappeared within five days after cessation 
of therapy. 

One patient was a boy of 13 years who had had persistent diarrhea for 
several years. The gall bladder had just been removed and it was found to 
contain purulent material from which a pure culture of Ps. aeruginosa was 
obtained. He had a persistent low-grade fever. Blood culture was sterile. The 
boy was critically ill and the prognosis was considered to be very poor. Poly- 
myxin B was given intramuscularly, 20 mg. per kilogram every four hours. On 
the third day, he was afebrile. On the fifth day, the stools showed predominantly 
E. coli with only a few colonies of pseudomonas. He was no longer critically 
ill, his appetite had improved, and he was having a few formed stools. Improve- 
ment was progressive thereafter although the drug was stopped on the fifth day. 

One 14-year-old boy was critically ill because of a similar condition. A pure 
culture of Ps. aeruginosa was obtained from his stool. The patient was treated 
with only four intramuscular doses before he showed toxic symptoms (urticaria, 
flushing, irritability, and marked local pain at the site of injection). The drug 
was stopped. There was no increase in blood urea nitrogen or urine albumin or 
cellular elements. His course continued to be downhill and he died five days 
later apparently from the original disease. 

One patient was an 11-day-old infant who, before treatment, had an over- 
whelming undiagnosed hematologic disorder (resembling Faneoni’s disease ) 
associated with an anomalous skeletal svstem. Diarrhea developed and a culture 
revealed a pure growth of Ps. aeruginosa on five consecutive days. Six days 
ifter oral polymyxin B was started none of these bacteria could be found on 
tool cultures. The stools at this time were semiformed but still contained much 
nueus and some blood. The diarrhea continued to improve. However, the 
infant’s nutrition and general condition was very poor and she continued down- 

ill and died three weeks after treatment was stopped, apparently of the original 
‘isease. At this time the autopsy diagnosis of the original hematologic and 
‘keletal disorder is still indefinite. 
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Florman and Schifrin'® reported an outbreak of infantile diarrhea due to 
Ps. aeruginosa. One of the infants was treated with oral doses of polymyxin B. 
Within twenty-four hours the patient’s stools were of better quality, and stool 
cultures for this organism were negative on the fourth day. 

Pulmonary Infections: One infant with cystic fibrosis of the pancreas had 
persistent extensive pulmonary infection. Bronchial aspiration yielded almost 
pure cultures of Ps. aeruginosa and A. aerogenes. Polymyxin B was given intra- 
muscularly for eighteen days and for several days by aerosol. The A. aerogenes 
(sensitivity 0.005 pg. per milliliter) disappeared from the aspirated material 
on the third day but the Pseudomonas (sensitivity 0.8 pg. per milliliter) per- 
sisted for a period of approximately three weeks after therapy was begun. There 
was moderate clinical improvement, some gain in weight, and the coughing de- 
creased. Several weeks later, however, the child became rapidly worse and died. 

One 6-month-old infant with unresolved pneumonia was treated with rela- 
tively large doses of penicillin and sulfadiazine. Séveral tracheal aspirations 
yielded almost pure cultures of EL. coli (sensitivity 0.4 wg. per milliliter). After 
seven days of intramuscular therapy with polymyxin B, there was no clinical or 
laboratory change. 

Meningitis: One child of 13 months had had influenzal meningitis for four 
weeks. He had not responded to sulfadiazine, penicillin, streptomycin, and 
anti-influenzal rabbit serum. There was dramatic recovery with the use of poly- 
myxin B both intrathecally and intramuscularly. The drug was given intrathe- 
‘ally since polymyxin is not detected in the cerebrospinal fluid after its intramus- 
cular administration even in the presence of a purulent meningitis.22 This case 
was reported in detail elsewhere.*® 

Recently Brakeley*® reported the recovery of another patient with influenzal 
meningitis similarly treated. Two patients with influenzal meningitis have been 
treated successfully in England with polymyxin E without any other chemother- 
apeutic agent.”? 

Schoenbach”’ reported four cases of Pseudomonas meningitis, three of which 
were cured with polymyxin. 

Otitis Media: A 33-year-old white woman had a left otitis media for nine 
days. She had had a chronie otitis on the right side until eight months previous- 
lv. A pure culture of Ps. aeruginosa was obtained from the ear discharge. She 
was given penicillin, chloramphenicol, streptomycin, and sulfadiazine, all with- 
out avail. In vitro studies of the organism showed it to be sensitive only to 
polymyxin. She was given four doses of polymyxin. Then the drug had to be 
stopped because of evidences of toxicity (staggering, nystagmus on lateral gaze, 
feeling of constriction about the forehead and ‘‘tightness”’ of the face, and pain 
at the site of injection). Eight hours after the drug was stopped these evidences 
of toxicity were not present. There was no apparent change in the infection. 


TOXICITY 
Toxicity due to polymyxin has varied considerably with the deriva- 
tives used and the dosage.° In one of the earliest studies, Schoenbach 
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and co-workers* used relatively large doses of polymyxin D (up to 5 mg. per 
kilogram per day) and found one instance of fever which was possibly due to 
the drug. Later Long and co-workers”* reported that when 3 to 5 mg. per kilo- 
gram per day of polymyxin D were given in eight equal doses, they observed 
varying degrees of renal tubular dysfunetion—‘‘ fixation of specific gravity of 
the urine,’’ ‘‘oliguria with albumin, casts, red blood cells, white cells,’’ ‘‘ elevated 
blood non-protein nitrogen, and depressed renal function.’’ Oceasionally they 
saw hypesthesia and fever. Still later this group reported® that in a total of 
twenty-two patients treated with polymyxin D (dosage of 3 to 7 mg. per kilogram 
per day in three to eight divided doses) the majority showed transitory albu- 
minuria and that the more severe evidence of damage was limited to those pa- 
tients who had pre-existing renal impairment. 

Ross and associates’? gave intramuscular injections of only 0.5 mg. per 
kilogram every four hours of polymyxin B to twelve children and observed local 
pain and tenderness, fever, malaise, leucoeytosis, eosinophilia, and evidence of 
renal damage characterized by albuminuria, microscopic urinary findings, and 
azotemia. Although they were unable to detect blood levels after oral adminis- 
tration of 2 to 3 mg. per kilogram every four hours, they noted with these rela- 
tively small doses elevations of blood urea nitrogen, transient albuminuria, and 
eosinophilia. They attributed these to the drug. 

Kaplan, Fischer, and Kohn** gave 0.8 mg. of polymyxin B per kilogram 
intramuscularly every four hours to children. They observed transient albumi- 
nuria in thirty-three of sixty-six patients but no elevation of blood urea nitrogen. 
They noted fever in sixty-two of the sixty-six patients which appeared to coin- 
cide with the therapy. This is in striking contrast to the observations in this 
study (see below). The most distressing evidences of toxicity were lethargy, 
irritability, and anorexia. 

On the other hand, Pulaski and Rosenberg’ found in adults that nephro- 
toxicity became apparent usually only when the dosage of polymyxin B exceeded 
3 mg. per kilogram for twenty-four hours. Nephrotoxicity was minimal or 
absent when 2.5 mg. per kilogram were given every twenty-four hours in four 
or six equally divided doses for three days. There was, however, evidence of 
neurotoxicity in almost every instance regardless of dosage. Jawetz and Cole- 
man?® also found no evidence of renal toxicity with polymyxin B and found 
that the most undesirable effects were upon the nervous system. All observers 
are in agreement that the neurotoxic signs disappear within twenty-four to 
forty-eight hours after therapy is discontinued. 

All of the adults in our series developed slight to intense itching especially 
about the mouth and face. Three spontaneously described an uncomfortable 
feeling around their mouths as of a very ‘‘close shave.’’ One described the 
sensation as that of ‘‘smoothness,’’ ‘‘tight’’ or ‘‘slick.’’ Two complained of 
chilly sensations and profuse sweating. All developed an urticarial rash over 
the body, face, arms, and legs. This varied from slight to moderate. The skin 
nanifestations responded promptly in each ease to the administration of Pyriben- 
amine. All complained of moderate to marked pain at the site of injection. 
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Two complained of weakness, two developed transient unsteadiness of gait, one 
had nausea, one drowsiness, one puffy eyes, one numbness of fingers and feet, 
one impaired position sense, one transient blurring of vision with diplopia, and 
me had nystagmus on lateral gaze. All of these signs disappeared completely 
within forty-eight hours after therapy was stopped. 

There was a difference between the toxicity observed in the adults and that 
seen in the younger patients. The reactions in the children were strikingly less 
frequent and milder. Moreover the drug was more effective therapeutically in 
the vounger patients. However, the latter may be attributed to difference in the 
complications associated with the infections. Also, many of the disturbing symp- 
toms the adults had were subjective. Since some of the patients were infants 
too young to be able to complain, this type of reaction in them would not have 
been obvious. 


The principal evidences of toxicity in the pediatric group were irritability, 





maculopapular and urticarial rashes, cireumoral pallor, and flushing of the face. 
When irritability was observed, it was manifest principally from the second to 
the fourth day. Two patients had a fever of 101° F. to 102° F. which may have 
been due to the drug. In one case there was mild transient ataxia. Although 
specifically searched for in each case, there was no instance of urinary nitrogen 
retention as a result of the drug. Many children with acute febrile illnesses 
have transient albuminuria of mild degree. This did not appear to be significant- 
ly inereased in those patients receiving polymyxin B. 

Two of the three children treated with polymyxin E showed moderate 
flushing of the face with marked itching beginning on the second day of therapy. 
An urticarial rash in each of these cases responded well to Pyribenzamine. 
Another patient treated with polymyxin E had marked itching of the face within 
a few hours of the first dose and showed moderate ataxia beginning after the 
third dose. The latter sign had been observed with polymyxin B in two of the 
six adults and to a mild degree in only one of the twenty-six children. Because 
of this experience, we did not try polymyxin E in adults. 

The ataxia due to polymyxin E in the one child continued for about twelve 
hours after therapy was stopped. This child had pyelonephritis which did not 
respond to other therapy. She was subsequently treated successfully with poly- 
myxin B, during which time there was moderate weakness, a maculopapular rash 
which responded to Pvribenzamine, and a temperature of 101° F. to 102° F. 
from the second to the fourth day of therapy. Interestingly, there was no evidence 
of ataxia during the administration of polvmyxin B. There has been no reecur- 
rence of the urinary infection in this ease. 

Pulaski and associates?’ found little difference in the toxicity of polymyxin 
3 and E but reported that a recent batch of polymyxin E (Lot No. EA 113) 
did not cause disturbing toxic effects upon the nervous system. 


DISCUSSION 


In this study, only patients with infections due to organisms which resisted 
the other available antibiotics were studied (terramyein was not available dur- 
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ing the study). It appears that the course of the infection in one patient with 
influenzal meningitis and in two with Pseudomonas infections was definitely 
changed at a time when other measures failed. In addition, Wallerstein and 
Schoenbach** reported the successful treatment of a case of Ps.aeruginosa sepsis 
in an adult who, it seemed, would not otherwise have lived. Hodes?’ referred 
to a child with an infection due to Ps. aeruginosa and stated that he was ‘‘ quite 
convineed that the child would not have survived unless he had been treated with 
this drug.”’ Schoenbach®”? reported that polymyxin cured three* out of four 
patients with Ps. aeruginosa meningitis and two of three patients with A. aero- 
genes bacteremia. 

In the case of infections due to H. influenzae, it now appears that both 
aureomycin and chloromyeetin are effective. Neither of these drugs has a signifi- 
cant effect on Pseudomonas infections. The effectiveness of terramyein is yet 
to be evaluated, but preliminary in vitro studies suggest that terramyecin also 
will be unsuccessful against Pseudomonas. It would appear, therefore, that 
until some toxicity-free drug is available, polymyxin B should be considered 
particularly in any serious infection due to Ps. aeruginosa.t Also in unusual 
-ases in which the infecting organism is or has become resistant to other avail- 
able drugs (e. g., H. influenzae, E. coli, K. pnewmoniae, A. aerogenes, Shigella), 
polymyxin may prove invaluable. It may also be helpful in the control of 
some urinary infections until relief of obstruction or other contributing causes 
ean be eliminated. 

Because of its toxicity, polymyxin B will be used infrequently; but when 
it is clearly needed, it can be a powerful therapeutic weapon. The toxic reactions 
observed in this study are not so severe as to preclude the use of this drug in a 
serious infection due to susceptible bacteria which are resistant to other agents. 
It may be lifesaving even for adults, as at least one case has shown.*® 

The important untoward results of polymyxin D therapy have been primari- 
ly nephrotoxic; those of polymyxin B have been neurotoxic. It is curious, 
however, how variable the toxic manifestations due to polymyxin B have been 
as reported by various observers.’* *® 124 For example, of five independent 
groups using polymyxin B, one reports significant renal changes with azotemia 
even when the drug was given orally. The other four report no significant renal 
toxicity. One of the five groups reported fever in sixty-two of sixty-six patients 
treated. The other four did not observe it or observed it in only a few eases in 
relation to the use of the drug. All groups agreed that lethargy and irritability 
were common, and the three which included adult patients noted more evident 
neurotoxic signs. In all cases the latter were transient. The form of the drug 
which has been used is only 70 to 80 per cent pure. One hopeful possibility is 
that the variations in toxicity may have been due to different impurities in the 
different batches. 





Hod *One of the patients with Pseudomonas infection may be the same one referred to by 
Hodes," 

+The incidence and serious prognosis of meningitis, endocarditis, pyelonephritis, and 
ther infections due to Ps. avruginosa have been reviewed recently by Stanley.2 
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SUMMARY AND CONCLUSIONS 

Polymyxin B is an antibiotic which ean be utilized (particularly in infants 
and children) with satisfactory results in serious infections which do not respond 
to other safer measures. 

Both polymyxin B and polymyxin E have marked in vitro effect against 
some of the gram-negative pathogenic bacteria which do not respond well either 
clinically or in vitro to any of the other presently available drugs. 

When administered orally in a dosage of 2 mg. per kilogram body weight, 
polymyxin B was not detected in the blood stream. Blood levels are reported 
at varying intervals following doses of polymyxin B given both intramuscularly 
and by aerosol. 

The results of treatment of thirty-six patients are given. Polymyxin B 
was found to be quite effective in the treatment of infections in the urinary tract 
due to E. coli in children. It was also effective in three out of four children 
who had infections of the urinary tract due to A. aerogenes and in two out of 
four children with urinary tract infections due to Ps. aeruginosa. It would 
appear that in urinary infections which do not respond to other antibiotic 
agents or other drugs, polymyxin B may be useful. Permanent eradication of 
the infection, however, may depend upon surgical intervention. 

Polymyxin E was successful in eliminating FE. coli infections of the urinary 
tract in two out of three children, but the batch with which we were working 
appeared to have no advantages and seemed to be more toxie than the poly- 
myxin B. 

Polymyxin B was not effective when used in the treatment of five adults 
with urinary tract infections due to K. pneumoniae, Ps. aeruginosa, and A. aero- 
genes. These patients had urinary infections of long duration and unrelieved 
partial obstruction. Our results are not in accord with those of other investi- 
gators, who were more successful in the treatment of similar adult urinary in- 
fections with this drug. 

Polymyxin B was effective against Shigella and Pseudomonas infections of 
the gastrointestinal tract when given orally. It was less effective against Sal- 
monella. 

There was no significant effect in two infants who had persistent pulmonary 
infection and from whose tracheas heavy growth of sensitive gram-negative 
organisms were cultured. 

One infant with influenzal meningitis was treated successfully with poly- 
myxin B when sulfadiazine, penicillin, streptomycin, and specific anti-influenzal 
serum seemed to have failed. 

Polymyxin B appears to be less toxic than polymyxin D. The principal 
evidences of toxicity due to polymyxin D are renal; those due to polymyxin B 
and E are neurologie and allergic. The neurotoxic signs are characterized by 
weakness, drowsiness, ataxia, numbness of fingers and feet, impaired position 
sense, transient blurring of vision with diplopia, and nystagmus. All of these 
are usually of a mild degree and transient. Other evidences of toxicity were 
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intense itching especially about the mouth and face, feeling of very tight skin 
about the face, chilly sensations, sweating, and urticarial and maculopapular 
rashes. The latter symptoms and signs were considerably relieved by pyriben- 
zamine. Most patients complained of moderate to marked pain at the site of 
injection. The evidences of toxicity were much less marked in infants and 
children than they were in adults. 

The infections which may not respond to other less toxie drugs or antibiotics 
and for which polymyxin may be found to be useful are those due to EF. colt, 
A. acrogenes, Ps. aeurginosa, Shigella, and HH. influenzae. Polymyxin is the 
most effective drug at this time against serious infections due to most strains of 
Ps. aeruginosa. The drug should be considered also in infections due to other 
sensitive gram-negative bacteria which are resistant to other less toxie agents. 
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THE VARIABLE EFFECT OF ATROPINE SULFATE ON FASTING 
GASTRIC SECRETION IN MAN 
ERWIN Levin, M.A., M.D., JosepH B. Kirsner, M.D., Pu.D., AND 
WaLTeR L. PauMer, M.D., PH.D. 
CuHicaGo, ILu. 


IFFERENCES of opinion continue to exist concerning the effect of 
atropine upon human gastri¢e secretion. Riegel! was the first to report 
a reduction in acidity in man stimulated by a meal of 1,000 ¢.c. of milk, follow- 
ing the administration of atropine. Similar results were obtained by Bennett? 


and Roberts® using a gruel meal, Lockwood and Chamberlain‘ after an Ewald 
test meal, Keefer and Bloomfield’ after an aleohol meal, and Atkinson and 
Ivy® after histamine. In all, the number of patients studied was small. In 
several studies* * the reduction in acidity in most of the patients was slight 
and in our opinion not significant. In two studies® ° the reduction in output 
of acid was obtained only after doses of atropine large enough to produce 
toxie effects. Crohn,’ Polland,’ and Klump® observed an increase in the con- 
centration of acid after the administration of atropine even though the volume 
in some individuals decreased. Here again, small numbers of patients were 
studied and the changes observed were of questionable significance. Porter,’® 
also in a small series, noted a decrease in the volume of secretion evoked by 
histamine but no effect upon the concentration of free acid. On the other 
hand, Delhougne™ and Bickel’? found atropine totally ineffective on histamine- 
stimulated gastrie juice. Roth and Ivy" found that a relatively large dose of 
atropine does not abolish the gastric secretory response stimulated by eaf- 
feine. Roberts,'* using an Ewald test meal, and Altshuler,’® using a meal high 
in protein, obtained variable results. Kirsner and Palmer’ administered 
atropine periodically during the day in conjunction with various antacids 
and noted more effective neutralization of the gastric content thereby than in 
the absence of atropine. These findings were attributed to retardation of gas- 
trie emptying and longer retention of the acid in the stomach, thus favoring a 
longer period of interaction between the alkali and the free HCl. A similar 
situation may have existed in some of the previously cited studies in which test 
meals were administered with the atropine. 

King and co-workers" found that atropine reduced the volume and acidity of 
the fasting morning secretion; however, only three subjects were studied. 
Mears'® investigated the effect of atropine on the nocturnal secretion of both 
patients with duodenal ulcer and individuals with no gastrointestinal dis- 
ease, with variable results. Since this study is similar to the present work, 
a more detailed comparison will be made below. Avey and associates!® found 
that the secretion of free HCl in the interdigestive phase of gastrie secretion 

Received for publication, Nov. 11, 1950. 

415 





416 LEVIN, KIRSNER, AND PALMER 


ean be practically abolished by atropine in normal individuals. In patients 
with peptic ulcer the secretion was diminished but not abolished. In all of the 


studies the administration of atropine was accompanied by toxie symptoms. 

Bastedo*® and Palmer,*' reviewing their experiences with atropine, con- 
cluded that the drug was consistently effective in reducing gastric secretion 
only with dosages producing marked toxie effects. 

It is generally agreed that atropine effectively decreases the gastric secre- 
tion in dogs; however, lower animals can respond differently from man to 
pharmacologic agents. This fact has been adequately demonstrated, more 
recently by Merendino.*? Thus, the inhibitory effect of atropine upon gastric 
secretion in dogs does not necessarily signify a similar action in human sub- 
jects. 

As pointed out by others, the inconsistencies in the foregoing studies may 
be related to any of the following reasons: (1) varying dosages, (2) varying 
durations of the test period, (5) differences in frequency of collection -of 
specimens, (4) differences in test meals, (5) differences in time relationship 
between the administration of the test meal and atropine, (6) insufficient num- 
ber of subjects, and (7) most important of all, in our opinion, varying eriteria 
for determining inhibition of volume and free acidity. 

Since the control of the excessive continued night secretion constitutes 
one of the greatest difficulties in the treatment of peptic uleer, a study was 
undertaken to determine the effectiveness of atropine in decreasing the vol- 
ume and output of acid of the nocturnal gastrie secretion in man. 


METHOD OF STUDY 


The series consisted of thirty-five patients—twenty-nine with duodenal ulcer, three with 
gastric ulcer, one with hypertrophic gastritis, and two with no organic disease; thirty-one were 
men and four were women. All subjects were known from previous studies to secrete acid con 
tinuously. 

I. The Effect of a Single Injection of Atropine.—All studies were carried out in the 
fasting state between 8:30 P.M. and 8:30 A.M. The atropine sulfate was given intramuscularly 
following a control period of three to four hours. The period of subsequent observation was 
three to four hours. The gastric contents were aspirated continuously and the collection 
bottles were changed at hourly intervals. The volume, concentration, and total output of free 
hydrochloric acid were measured for each hour. No effect was considered significant unless the 
change exceeded 25 per cent and was maintained for one or more hours. One hundred studies 
were made with 1.0 mg. of atropine sulfate and thirty-seven studies with 2.0 milligrams. 

IIT. Data on the Total Nocturnal Gastric Secretion.—These data were obtained in 
thirty-five experiments. The conditions of study were identical in all. At 5:30 P.M. on 
the day of the study the subjects were given a meal of clear liquids containing 37 Gm, of 
carbohydrate, 3 Gm. of protein, and no fat. Food or water was not permitted thereafter. At 
8 p.M. a Levine tube was introduced into the stomach and its position checked by fluoroscopic 
examination. The stomach was then completely emptied. The gastric contents were aspirated 
continuously from 8:30 P.M. to 8:30 A.M. by means of constant suction; the collecting con- 
tainers were replaced at hourly intervals. The volume, concentration of free hydrochloric acid, 
and total output of free hydrochloric acid of each hourly sample were determined by the 
usual methods. In all subjects, control hourly values for nocturnal gastric secretion were ob- 
tained for one to two nights prior to the use of atropine. Varying dosages of atropine 
were given during the test period. Fifteen patients received 1.0 mg. intramuscularly at 
8:30 P.M., 12:30 a.M., and 4:30 A.M.; ten patients received 1.0 mg. intramuscularly at 8:30 
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P.M., 11:30 P.M., 2:30 A.M., and 5:30 a.mM.; and ten patients received 2.0 mg. intramuscularly 
at 8:30 p.M., 12:30 A.M., and 4:30 A.M. No effect was considered significant unless the 
change exceeded 25 per cent. 
RESULTS 

Effect of a Single Injection of Atropine-—The administration of 1.0 mg. of 
atropine produced a variable effect on the gastric secretion (Table I). The 
hourly volume following the administration of the drug was greater than the 
control period in 39 per cent of the studies; no significant change occurred in 
36 per cent. <A significant reduction in volume oceurred in 25 per cent of the 
studies. Similar results were obtained with the concentration of acid. 


TABLE I, THE VARIABLE EFFECT OF 1.0 MG. ATROPINE SULFATE INTRAMUSCULARLY 
ON GASTRIC SECRETION (100 STUDIES) 
PER CENT OF STUDIES 
CONCENTRATION — | MG. FREE 
VOLUME FREE ACID Hcl 
Increase greater than 259 3$ | 43 40 
ae ; > ; 29 
6 
. 12 


13 


No significant change 
25-49% reduction 
50-74% reduction 


75-100% reduction 


Two milligrams of atropine were no more effective than 1.0 mg. (Table 
Il) ; again, the results were quite variable. 

No correlation existed between the secretory state of the parietal cells 
and the result. Atropine was ineffective in approximately the same number 
of individuals with a low secretory rate as in those with a high secretory rate. 
The same comment applies to the group in which a significant reduction took 
place. However, in every individual except two in whom the secretion was 
decreased, severe toxic symptoms were noted, i.e., blurring of vision, tachy- 
cardia, and dryness of the mouth; visual and auditory hallucinations were 


noted in two individuals. 


TABLE II. THE VARIABLE EFFECT OF 2.0 MG. ATROPINE SULFATE INTRAMUSCULARLY 
ON GASTRIC SECRETION (37 STUDIES) 


: PER CENT OF STUDIES — 
CONCENTRATION MG. FREE 
VOLUME FREE ACID 


Increase greater than 2! 22 
> 


No significant change D1] 
25-49% reduction 8 


50-14% reduetion 13 











75-100% reduction 


Effect on the 12-Hour Nocturnal Gastric Secretion—Three Milligrams of 
Atropine Sulfate in Three Divided Doses: Reference to Table III and 
Figs. 1, 2, and 3 reveals again the variable effect of the drug. The volume of 
gastric secretion was not significantly altered in nine studies; in one indi- 
vidual the volume exceeded control values. A reduction in volume after the 
administration of atropine was noted in five studies, and in four of these was 
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accompanied simultaneously by a reduction in concentration of free hydro- 
chlorie acid. 

Similarly, the total output of free hydrochlorie acid (milligrams) was 
unaffected in six individuals; in four studies, the output was considerably 
higher than the control values. A significant reduction in the output of free 
hydrochloric acid was observed in five individuals. 
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Four Milligrams of Atropine Sulfate in Four Divided Doses (Table IV): 
The volume of gastric secretion was unaffected in five studies and significantly 
higher than the control values in two. In only three individuals was it reduced 
during the administration of atropine. Similar observations were obtained for 
the concentration and output of free hydrochlorie acid. 

Six Milligrams of Atropine Sulfate in Three Divided Doses (Table V): As 
in the preceding observations, reduction in volume of gastric secretion was ob- 
tained in only three individuals. In six studies the volume was unaffected, and 
in one a higher volume occurred. Likewise, the concentration of free hydro- 
chloric acid was reduced in only three studies, definitely increased in one, and 
unaltered in six. In five studies the output of free hydrochloric acid (milli- 
erams) was not affected, while a considerable increase occurred in one. In only 
four studies did atropine significantly reduce the output of free hydrochloric 
acid. 

DISCUSSION 


The foregoing results indicate that the effect of atropine sulfate on the 
gastric secretion of man is variable. The findings are similar to those reported 
by Mears,'* who studied the effect of atropine on the nocturnal gastrie secretion 
in patients with duodenal ulcer and in individuals hospitalized for cholecystitis 
and ‘‘reeurrent appendicitis.’’ When the groups are considered together, the 
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volume was reduced in 57 per cent, the concentration of free acid in 52 per cent, 
and the total acidity in 43 per cent. An increase in volume and concentration 
of free acid was noted in 37 per cent, while in 28 per cent the total acid was in- 
creased. In the remaining individuals no significant change was observed. 
Mears noted a reduction in secretion in a slightly greater number of studies. 
This difference is probably due to the following two reasons. First, Mears gave 
2.0 grains Sodium Luminal hypodermieally at 9 p.m. in addition to atropine. 
The Luminal was repeated in five hours if the patient remained awake. The 
combination conceivably may be slightly more effective than atropine alone. 
Second, Mears considered a decrease of 20 per cent as significant; in the 
present study 25 per cent was adopted as the criterion, since it has been shown 
previously that changes in gastric secretion up to 25 per cent oceur spon- 
taneously in the vast majority of individuals.2* The number of patients ex- 
periencing a decrease between 20 and 25 per cent in Mears’ series is not 
known. This figure may be great enough to account for the differences be- 
tween the two studies. 

As pointed out, the experimental work with atropine has yielded many 
conflicting or contradictory reports. The various reports, however, do not 
actually conflict; rather, they re-emphasize the variable and unpredictable 
effect of atropine upon human gastrie secretion. 


TABLE VI. VARIABLE EFFECT OF ATROPINE SULFATE INTRAMUSCULARLY UPON FASTING GASTRIC 
SECRETION IN PATIENTS WITH PEPTIC ULCER (PER CENT OF STUDIES) 





ATROPINE DOSAGE (MG.) 





























| | 20 | 26 | SH | 40° | Got 
| ge ee ee eae ek eR Se a 
| NUMBER OF STUDIES 

| 100 | a a | a as | a a | ee 

Volume secretion | No change or inerease | 75 ee a 2 a 
25-49% reductiont | 11 | 8 | O | 2 | 10 
50-100% reductiont | 14 | 19 | ~ 33 10 | 20. 

Concentration free| No change or increase| 77 | 73 | 73 | 70 | 70 — 
HCl 25-49% reductiont | 6 | 8 | 7 ~10.~—«|~—S«d0 
50-100% reductiont | 17 | 19 | 20 | 2 | 20 

Output HCl (mg.)| No change or increase | 69 | 6 | 67 = 3 |__70 A iat 70 : 
25-49% reductiont 6 | 11 0 | 0 10 
50-100% reductiont | 25 | 24 | 33 | 30 30 





*Given in divided doses. 
*Toxic symptoms in all but two patients. 


Two milligrams of atropine was no more effective in reducing gastric 
secretion than 1.0 milligram. Likewise, repeated dosages of 2.0 mg. every four 
hours during the night were no more effective than 1.0 mg. every three or four 
hours (Table VI). Of further interest is the observation that the response to 
atropine was not related to the secretory state of the gastric glands at the time 
of the administration of the drug. Significant reduction of secretion in all 
except two instances was accompanied by severe toxic symptoms. Therefore, 
the action of atropine does not depend upon the dosage or the phase of activity 
of the cells when the drug reaches them, but upon the sensitivity of the entire 
organism to the drug. 
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CONCLUSIONS 


The effect of atropine sulfate on the gastric secretion in patients with peptic 


uleer is variable and unpredictable. One milligram of atropine effectively re- 
duced gastric secretion in approximately one-fourth of the individuals studied. 
Similar results were obtained with a 2.0 mg. dose. Likewise, repeated dosages of 
1.0 mg. every four hours were as effective as 2.0 mg. every four hours. In praec- 
tically every instance, when a significant decrease in gastric secretion was ob- 
tained, there were present also severe toxic symptoms. The action of atropine 
does not depend upon the dosage or the phase of activity of the cells when the 
drug reaches them, but upon the sensitivity of the entire organism to the drug. 
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REDUCING SUBSTANCE IN URINE OF PATIENTS TREATED 
WITH PARA-AMINOBENZOIC ACID 
C. J. D. ZARAFONETIS, M.D.,* aNp J. P. CHANDLER, PH.D. 
ANN ARBOR, MICH. 


ATIENTS receiving large doses of para-aminobenzoie acid (PABA) exerete 

a reducing substance in the urine. Attention was first called to this finding 
in a report of the effect of PABA in leucemia.' At that time it was believed 
on the basis of preliminary tests that the reducing substance was glucose. Briefly, 
the earlier studies had found that PABA itself did not reduce Benedict’s solu- 
tion. Fasting blood sugar levels taken before and during therapy had shown 
no significant differences. Glucose tolerance studies in two patients revealed that 
the pretreatment renal thresholds for glucose were considerably higher than the 
levels at which excretion of the reducing material occurred during PABA ad- 
ministration. Osazone reactions were performed on urine samples containing 
the substance, and the results were interpreted as characteristic for glucose. It 
was then postulated that the apparent glycosuria resulted from interference 
with the renal phosphorylation mechanism by PABA. 

As the clinical studies with PABA were extended to other conditions, two 
patients were observed to undergo attacks of spontaneous hypoglycemia. This 
was taken as evidence in support of the concept that PABA, in large doses, 
caused a renal glycosuria. Further study has shown, however, that the substance 
excreted is not glucose. The purpose of the present communication is to present 
evidence which indicates the correct nature of the compound. In addition, 
certain implications of these observations will be discussed. 


MATERIALS AND METHODS 


Observations were made on more than 2,900 urine specimens collected from patients be- 
fore, during, and after treatment with the sodium and/or potassium salts of PABA.{+ Alto- 
gether, 270 patients were studied. That a wide variety of clinical entities was encompassed 
can be seen in Table I. The patients ranged from 8 weeks to 94 years of age. The total 
amount of PABA administered per day varied according to the size of the individual and was 
influenced by the nature of the disorder being treated. For example, the 8-week-old infant 
received 0.8 Gm. daily, while some adults were given up to 48 Gm. a day. The majority of 
patients, however, received from 12 to 21 Gm. daily. The medication was administered orally 
at two- or three-hour intervals, usually in 2 or 3 Gm. doses. A few of the patients were given 
PABA for only a day or so, while others were continued on treatment for as long as thirty 
months. 
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_ *The sodium and potassium para-aminobenzoate administered to these subjeets was made 
ailable through the generosity of the B. L. Lemke Co., Lodi, N. J., Merck & Co., Inc., Rahway, 
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TABLE [, CLINICAL DIAGNOSIS IN 270 PATIENTS GIVEN LARGE DOSES OF NAPAB AND/OR KPAB 


NUMBER NUMBER 


DIAGNOSIS OF CASES | DIAGNOSIS | OF CASES 
Leucemia l Chorea 2 


Mycosis fungoides Rheumatoid arthritis 


> DO bo 


‘ 

Lymphoblastoma cutis 16 Hydrarthrosis ] 
Lymphosarcoma + Gold dermatitis 2 
Hodgkin’s disease 2 Stasie dermatitis 1 
Hypernephroma | Seborrheic dermatitis ] 
Melanoblastoma 1 Keloidosis l 
Kaposi’s sarcoma ] Alopecia totalis ] 
Lupus erythematosus 7] Postherpetic neuralgia 1 
Lupus erythematosus and miliary l Amyotrophic lateral sclerosis l 
tuberculosis Pemphigus 15 
Scleroderma 3] Dermatitis herpetiformis 17 
Scleroderma and dermatomyositis 1 Herpes gestationis 2 
Scleroderma and fibrosarcoma l Porphyria 2 
Morphea 7 Porphyria with photosensitivity ] 
Dermatomyositis 7 Acquired epidermolysis bullosa ] 
Poikilodermatomyositis 4 Congenital epidermolysis bullosa ] 
Periarteritis nodosa 5 Hydroa aestivale ] 
Erythema nodosum ] Brucellosis 2 
Psoriasis l Ulcerative colitis l 
Asthma 1 Thyrotoxicosis 12 
Toxic urticaria 2 Thyrotoxicosis with diabetes ] 
Rheumatie fever Z Diagnosis not established 22 
Total number of cases 270 


Routine tests with Benedict’s solution were performed on all the urine specimens. A 
number of quantitative determinations for glucose were made on twenty-four urine collections. 
In addition, representative specimens were subjected to yeast fermentation tests, osazone reac- 
tions, the resorcinal test for fructose, and the naphthoresorcinol test (Tollens) for glucuronic 
acid. 

RESULTS 

Qualitative Benedict’s Test—Most of the urine specimens from the patients 
were found to contain a substance or substances which reduce Benedict’s solution 
in the same manner as glucose-containing urines. The urine samples from pa- 
tients receiving 18 Gm. or more of PABA per day generally gave 1 plus to 3 
plus reactions. In such instances, the reaction usually became positive within 
twenty-four hours after treatment was begun, and reverted to negative within a 
day or so after the drug was discontinued. An occasional subject excreted only 
trace amounts, and in one patient this was intermittent. The finding was not 
as constant in patients receiving 12 Gm. or less a day, although the urines from 
most of these subjects also exhibited reducing properties. 

Quantitative Benedict’s Test—The amount of reducing material, as deter- 
mined by Benedict’s titration procedure, was usually equivalent in reducing 
power to a few grams of glucose in twenty-four hours. The maximal observed 
twenty-four-hour value was equivalent to 20.4 Gm. of glucose and was determined 
on the urine from a leucemie patient who was taking 48 Gm. of PABA a day. 

Yeast Fermentation Tests.—Repeated attempts to remove the reducing ma- 
terial through yeast fermentation were unsuccessful. Before making the custom- 
ary interpretation of this finding, however, it was necessary to determine the 
possible effect of PABA itself on this property of yeast. Accordingly, the follow- 
ing test was performed. Fresh yeast was placed in normal urine containing 
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0.5 per cent added glucose. After the mixture had been agitated to give even 
dispersion of the veast particles, aliquots were distributed to four fermentation 
tubes. Sodium para-aminobenzoate was then added to three of the tubes in 
amounts so that Tube 1 contained 0.1 mg. per cent NaPAB, Tube 2 had 1.0 mg. 
per cent, and Tube 3 contained 100 mg. per cent. Tube 4 served as the control 
and, of course, had no NaPAB. The results after twenty-four hours of ineuba- 
tion at 37.5° C. are shown in Fig. 1. Similar findings were noted in repeated 
experiments. Small amounts of PABA appear, therefore, to stimulate yeast 
fermentation, while larger amounts suppress this activity. Since PABA is 
largely excreted in the urine, it is obvious that the urinary concentration of 
PABA in these patients was much greater even than 100 mg. per cent. Thus, 
with yeast fermentation activity almost completely inhibited by higher coneentra- 
tions of PABA, this test cannot be employed to determine the presence or absence 
of glucose in the urines of patients during treatment with the compound. 





Fig. 1.—Effect of PABA on yeast fermentation. All tubes contain urine with 0.5 per cent 
glucose and yeast in suspension. In addition, Tube 1 (at left) contains 0.1 mg. per cent NaPAB, 
Tube 2 has 1.0 mg. per cent NaPAB, and Tube 8 contains 100 mg. per cent NaPAB. Tube 4 
at the right serves as control and contains no NaPAB. Photograph taken after twenty-four 
hours of incubation at 37.5° C. 

Resorcinol Test.—Many of the urine specimens which gave positive reactions 
with Benedict’s solution were submitted to the resorcinol test for fructose. All 
were negative. 

Naphthoresorcinol Test (Tollens).—A large number of urine samples con- 
taining reducing substance were tested with naphthoresoreinol for glucuronie 
acid. In each instance, the result was strongly positive, yielding a deep violet- 
red color many times the intensity given by normal urines. 

Osazone Reactions.—The presence of glucuronic acid in the urine of patients 
receiving large doses of PABA is confirmed by observations on the reaetion with 
phenylhydrazine. In contrast to the reaction with glucose, the osazone of the 
substance in question does not precipitate in the boiling water bath. Instead, 
it erystalizes out when the reaction mixture is cooled. The erystals form as 
ieedles, or, under some conditions, as rosettes of slender needles. These crystals 
lissolve in hot water and recrystallize upon cooling, whereas glucosazone erys- 
als will not dissolve in boiling water. Furthermore, these properties are the 
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same as those of the osazone formed from normal urine to which glucuronic acid 
has been added. It should be pointed out that the differences in behavior be- 
tween glucosazone and that formed with glucuronic acid were not known by one 
of us (C.Z.) at the time of the earlier report in which it was erroneously in- 


timated that the excreted substance was eglucose.! 
DISCUSSION 


Patients receiving large doses of PABA salts almost invariably excrete a 
reducing substance in the urine. The results of the foregoing tests indicate that 
this substance is elucuronie acid and not e@lucose as was first thought. In itself, 
this finding should not be unexpected, since conjugation with glucuronic acid 
constitutes an important mechanism by which many organic substances are 
eliminated from the body.? In this connection, it may be recalled that Quick,’ 
while reviewing the major conjugation processes of the body, was impressed by 
the fact that the conjugated product is always a stronger acid than the original 
compound. This led him to conclude that ‘‘. ... conjugation may not be pri- 
marily a detoxication mechanism in the sense of rendering a toxic group inert, 
but a means of changing a weak acid which the body cannot excrete to a strong 
acid which it can eliminate.’’ 

More recently, Lundquist* has presented evidence which lends support to 
Quick’s concept. This investigator has noted that “. ... with the possible ex- 
ception of creatinine, all substances known to be actively secreted by the renal 
tubules are acids.’’ Lundquist suggests further that the acid strength is deter- 
minative of the rate of tubular elimination, with stronger acids being eliminated 
more rapidly than weaker ones. Viewed in this light, it appears probable that 
one of the aims of detoxication is to promote rapid elimination of aromatic 
monocarboxylic acids such as PABA. It should be pointed out, however, that 
only part of the administered PABA is excreted conjugated with glucuronic acid. 
Some PABA undergoes acetylation, and a considerable amount is excreted 
‘‘free.’’? Moreover, there is evidence that the reactions associated with acetyla- 
tion may depress the synthesis of, or conjugation with, glucuronie acid.° 

From the foregoing hypothesis it may be expected that the administration 
of large amounts of compounds similar to PABA will generally be associated 
with the excretion of glucuronic acid. Many substances which form conjugates 
with glueuronie acid have, of course, been known for some time. In addition, 
we have noted the presence of glucuronic acid in the urine of two patients re- 
ceiving 12 Gm. daily of caronamide (4’-carboxyphenylmethanesulfonanilide ). 
In this connection, Goldner® has likewise detected, and is investigating, a reduc- 
ing substance in the urines of patients under treatment with para-aminosalicylic 
acid (PAS) for tuberculosis. 

Since the reducing substance is glucuronic acid and not glucose, the mech- 
anism by which hypoglycemia may occur during PABA therapy is of more than 
usual interest. One possibility is that glucuronic acid is produced at the expense 
of body glucose. Quick’ found, for example, that the depancreatized dog can 
still produce glucuronic acid in amounts similar to those produced by normal 
dogs. He noted further that the production of glucuronic acid was accompanied 















REDUCING SUBSTANCE IN URINE OF PATIENTS TREATED WITH PABA 429 


by a corresponding decrease in urinary sugar, suggesting that glucuronic acid 
and glucose have the same precursor. Since the glucose produced during fast- 
ing in total diabetes is believed to be derived from protein, Quick concluded that 
the diabetic organism can still utilize that portion of the protein molecule which 
ordinarily goes to glucose for the synthesis of glucuronic acid. More recently, 
Mosbach and King* have performed tracer studies with C' labeled glucose which 
indicate that glucuronic acid may be synthesized from glucose without changes 
in the chain, at least with reference to the labeled position 6. 

Another possibility is that reported by Dziewiatkowski and Lewis.® These 
workers have studied the problem in the rat and obtained data which indicate 
that liver glycogen, rather than glucose, is used in the synthesis of glucuronic 
acid. 

Whether the production of glucuronie acid is from body glueose or liver 
glycogen, however, it appears questionable, from the data already presented, 
that the amounts utilized in the process are sufficient in themselves to produce 
hypoglycemia. At least eight instances of hypoglycemia have been observed in 
the 270 patients so far treated with PABA.'® This is a much greater incidence 
than would be expected from chance distribution of spontaneous hypoglycemia 
due to other causes. Thus, some other mechanism must be involved in the pro- 
duction of hypoglycemia during PABA therapy. We have noted that the pa- 
tients have had anorexia, nausea, and perhaps vemiting for a few days preceding 
the hypoglycemic episode. With decreased dietary intake, however, it would be 





expected that gluconeogenesis would normally come into play and would be ade- 
quate to prevent the development of the low blood sugar levels. Since hypogly- 
ecemie attacks have nevertheless occurred, it is postulated that PABA may in 
some manner prevent the full response of the gluconeogenetic mechanism. With 
this possibility in mind, patients are now instructed to maintain a normal dietary 
intake while receiving PABA therapy. If anorexia and nausea oceur, treatment 
is interrupted until the patient is eating well again, whereupon therapy can be 
resumed. Two subjects who had experienced attacks of hypoglycemia have fol- 
lowed this program on subsequent courses of PABA therapy without untoward 
effects. 

It is hoped that further investigation of PABA-induced hypoglycemia may 
yield important information concerning certain aspects of carbohydrate metab- 
olism. 

SUMMARY 
Patients receiving large doses of para-aminobenzoic acid salts exerete a 
reducing substance in the urine. This substance has been identified as glucuronic 
icid. 
It has been found that the high concentration of PABA in the urine of 
hese patients will inhibit the fermentation activity of veast. The fermentation 
st cannot be employed, therefore, for the identification of glucose in the urine 
' patients undergoing treatment with PABA. 
Although the reducing substance in the urine is glucuronic acid, hypo- 
veemia may nevertheless occur during PABA therapy. Certain implications 
this observation have been discussed. 
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ALTERATIONS IN PLASMA PROTEINS, PLASMA VOLUME, ANI) 
VOLUME OF PACKED RED CELLS IN PATIENTS 
RECEIVING ACTH OR CORTISONE 


B. V. JAcerR, M.D., Harotp Brown, M.D., AND MArGarRET NICKERSON 
SALT LAKE City, UTaAn 


— Spurting clinical and metabolic studies of the effects of ACTH and 
cortisone therapy have been made on patients with a variety of clinical 
disorders. As regards the collagen diseases, in particular, such treatment 
usually leads not only to clinical improvement but also to a regression of ab- 
normal laboratory findings. Thus the erythrocyte sedimentation rate usually 
becomes slower, anemia becomes less evident, and altered protein patterns of 
the plasma or serum approach normal. Frequently, however, reversion toward 
the previously abnormal state is observed after discontinuance of medication. 

This report contains observations relating to changes in volume of packed 
red cells, erthrocyte sedimentation rate, plasma fibrinogen, serum albumin, 
globulin, gamma globulin, and muecoprotein in nineteen patients during and 
subsequent to therapy with ACTH or cortisone. Fifteen of these patients were 
regarded as having one or another of the so-called collagen disorders. The other 
four constituted a heterogeneous group. Plasma volume determinations were 
made repeatedly in five of the patients. This afforded an opportunity to eom- 
pare alterations expressed in terms of grams per 100 ml. with alterations in the 
total number of grams of circulating protein components. 


METHODS 


Plasma volume was determined by intravenous injection of 380 mg. of T-1824.* 
Heparinized blood specimens were obtained twenty, forty, and sixty minutes after dye ad- 
ministration. Colorimetric estimation of dye in the serum was made after elution of the dye 
that had been adsorbed on columns of a mixture of aluminum and magnesium oxides.1, 2 
Plasma fibrinogen was measured by a slight modification of the method of Cullen and Van 
Slyke,3 using thrombin rather than recalcification to convert fibrinogen to fibrin. Estimation 
of total serum protein, albumin, and gamma globulin were made with the Weichselbaum 
modification of the biuret reaction. The method was calibrated frequently with solutions 
of human albumin, of which the nitrogen content had been determined with the Kjeldahl 
method. A factor of 6.25 was used to convert nitrogen values to protein. Serum albumin 
Was separated by the original Howe 21.5 per cent (w/v) sodium sulfate method.5 The initial 
one-third of the filtrate was discarded since it has been shown that a considerable amount 
f albumin is adsorbed onto filter paper.6 This modification gives values for serum albumin 
that are somewhat higher than those obtained without this step. Serum ‘‘gamma globulin’’ 
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was estimated chemically by a method described previously.7 It should be emphasized that 


this method has distinct limitations and gives only a relative approximation of the serum 
gamma globulin content as determined electrophoretically. Serum mucoprotein was determined 
as ‘‘tyrosine’’ according to the method of Winzler and co-workers.8 The ‘‘tyrosine’’ content 
is converted to protein content by multiplying by a factor of 25.6. Sedimentation rates 


and volume of packed red cells were estimated by the method of Wintrobe. 


FINDINGS 


Before considering the metabolic alterations, brief information regarding 
the clinical responses to therapy will be given. One patient received 100 mg. 
of cortisone daily for fourteen days. The remaining eighteen received ACTH in 
amounts ranging from 10 to 180 mg. daily for periods of ten to sixty-seven days. 
Serial determinations of the total eosinophil count were made in all instances 
and invariably a marked reduction in eosinophils was observed during treatment. 

There were seven patients with rheumatoid arthritis who received ACTH 
for periods extending from ten to sixty-seven days. In each patient there was 
striking symptomatic improvement during the period of treatment. In the five 
in whom medication was stopped, prompt exacerbation of symptoms occurred. 
The remaining two are being continued on therapy. Gne patient with peri- 
arteritis nodosa and five with disseminated lupus erythematosus showed im- 
provement during the course of treatment. However, not all symptoms dis- 
appeared. When medication was stopped, relapses occurred i. all but one in 
whom the disease appears to be undergoing a mild remission. The patient with 
acute rheumatic fever showed evident improvement during fourteen days of 
cortisone therapy but relapsed soon afterwards. Two patients with mild hepatic 
cirrhosis (confirmed by needle biopsy) did not change appreciably during 
ACTH therapy. One of these (Patient C. T.) subsequently showed gradual 
improvement. <A patient (P. L.) with acute leucemia had been treated once 
previously with ACTH and had had a dramatic response but had relapsed soon 
after medication was withdrawn. The studies presented here indicate alterations 
that were observed during a second course of ACTH therapy, during which no 
improvement took place and the patient died. Patient M. W. with multiple 
myeloma showed slight symptomatic improvement during the first two weeks of 
ACTH therapy, but after this he grew worse and died on the twenty-fourth day 


TABLE I. MEAN VALUES AND STANDARD DEVIATIONS FOR BLOOD CONSTITUENTS FoR 
30 NorMAL ADULTS 


CONSTITUENT MEAN VALUE STANDARD DEVIATION 


Hematocrit (male) 48.6 +2.71 

Hematocrit (female) 44.2 +2.22 

Erythrocyte sedimentation 4.6 +4.89 
rate—mm. per hr. (male) 

Erythrocyte sedimentation 10.8 +4.47 


rate—mm. per hr. (female) 


Total serum protein—Gm. % 7.6 +0.41 
Serum albumin—Gm. % 5.2 +0.29 
Serum globulin—Gm. % 2.4 +0.39 
Serum gamma globulin—Gm. % 1.2 +0.16 


Serum mucoprotein—Gm. % 0.87 +0.138 
Plasma fibrin—Gm. % 0.26 +0.046 
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of therapy. Sternal marrow aspirations during ACTH administration con- 
tinued to show large numbers of plasma cells. Anatomic examination disclosed 
extensive diffuse myeloma cell infiltration of the marrow of the skull, spine, 
and pelvis. Patient V. L. with chronie pyelonephritis and uremia grew pro- 
gressively worse during ACTH administration and died several days after it 
was discontinued. 

Before considering the alterations in blood constituents in disease, the 
values in normal subjects will be presented briefly. In Table I, the mean values 
and standard deviations for the various components are indicated. Apart from 
hematocrit readings and erythrocyte sedimentation rates, no attempt has been 
made to make any distinction between the results in the two sexes. 


ALTERATION IN VOLUME OF PACKED RED CELLS 
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Fig. 1.—R. A. denotes rheumatoid arthritis, L. E., disseminated lupus erythematosus, and 
P. N., periarteritis nodosa. Values at 0 time are mean values of two determinations made in 
the week preceding therapy. ACTH dosage scale is indicated in the left upper box. Fine 
horizontal lines indicate the mean value of the determination for normal subjects. The variable 
response of volume of packed red cells to ACTH therapy for eighteen cases is indicated. 

Alterations in Hematocrit Readings—In Fig. 1, the values for volume of 
packed red cells are presented for eighteen patients receiving ACTH. It will 
be noted that three of the patients with arthritis who had anemia prior to 
treatment displayed a striking rise in hematocrit readings during or shortly 
after cessation of ACTH administration (Patients I. M., J. C., and ©. H.). 
Similarly, in two of the five patients with disseminated lupus erythematosis, 
anemia became less evident during therapy (Patients S. M. and E. A.). The 
patient with acute leuecemia (Patient P. L.) and the one with chronic nephritis 
ind uremia (Patient V. L.) developed progressive anemia during ACTH ad- 
ninistration. In the remaining patients, most of whom had some degree of 
nemia, fluctuations in hematocrit readings occurred while the patients were 
eceiving ACTH, but the over-all studies did not suggest a significant change as 
result of therapy. 
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Changes in Serum Albumin.—Significant hypoalbuminemia (less than 4.1 
grams per cent) prior to therapy was observed in three patients with arthritis, 
in three with disseminated lupus erythematosus, in the one patient with multiple 
myeloma, and in the one with acute rheumatie fever. The effects of treatment 
on albumin level are indicated in Fig. 2 and Table II. Of these seven patients 
with an initial hypoalbuminemia, an increase in albumin occurred during 
therapy or immediately after its termination in five. In two others, a slow 
increase in albumin after the drug was stopped may or may not have been 
related to treatment. The erratic behavior of serum albumin in other instances 
during and subsequent to therapy suggests that the observed fluetuations may 
be attributable largely to variations in plasma volume. In those few instances 
where long observation after discontinuance of treatment was possible, it will 
be noted that a subsequent reduction in serum albumin, when it oceurred, was 
slow to appear. 


ALTERATION IN ALBUMIN 
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Fig. 2.—See Fig. 1 for legend. An increase in serum albumin content is a frequent but inconstant 
finding during ACTH therapy. 

Changes in Serum Gamma Globulin.—In general the fluctuations observed 
in total serum globulin paralleled those observed in the chemically estimated 
gamma globulin fraction. Accordingly, no consideration of total globulin would 
appear necessary. The changes in gamma globulin associated with ACTH ad- 
ministration are presented in Fig. 3. The findings in the patient with acute 
rheumatie fever receiving cortisone are indicated in Table II. It is noteworthy 
that a reduction in gamma globulin below the initial value was found at the 
nd of therapy or shortly afterwards in fifteen of the nineteen patients, the 
‘xceptions being three patients with disseminated lupus erythematosus and the 
patient with acute leueemia. The decrease in gamma globulin might be expected 
n those patients with collagen disorders. However, it seemed remarkable that 
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reductions also were noted in the patients wth cirrhosis, the patient with chronic 
nephritis with uremia, and in the one with multiple myeloma. The patient 
with multiple myeloma had marked hyperproteinemia with a low albumin and 
a high globulin. By the chemical method employed, by an immunologic method,’ 
and by electrophoresis it was shown that between 70 and 80 per cent of the total 
serum protein in this patient consisted of gamma globulin. The striking re- 
duction that occured with ACTH therapy was far greater than could have been 
attributable to changes in plasma volume. Moreover, this patient failed to 
improve ¢linically and, as already indicated, died while receiving ACTH. In 


ALTERATION IN GAMMA GLOBULIN 
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Fig. 3.—See Fig. 1 for legend. Serum gamma globulin when initially elevated, usually decreased 
during ACTH medication. 


other patients, it will be noted that some reduction in gamma globulin oecurred 
even when the pretreatment values were not elevated significantly. After 
therapy was discontinued, a subsequent rise in gamma globulin was noted 
frequently. 

Changes in Serum Mucoprotein.—Alterations in this fraction correlate 
roughly with changes in the alpha-2 globulin fraction as measured electro- 
phoretieally. Like the alpha-2 globulin, serum mucoprotein commonly is ele- 
vated in instances where there is active tissue destruction such as in infectious 
diseases and malignancies.’* ™* The effect of ACTH and cortisone on muco- 
protein levels is indicated in Fig. 4 and Table II. Prior to treatment, greatly 
increased amounts of serum mucoprotein were present in three of the seven 
patients with rheumatoid arthritis, in three of the five with disseminated lupus 
erythematosus, in the patient with acute rheumatic fever, and in the one with 
periarteritis nodosa. Slight elevations were present in the patient with acute 
Jeucemia, the one with multiple myeloma, and the one with chronic nephritis. 
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The effect of ACTH or cortisone therapy on serum mucoprotein levels 
appeared to be highly variable. In two individuals with arthritis and in two 
with disseminated lupus erythematosus, there was a prompt decrease in muco- 
protein with treatment (Patients T. M., I. M., R. M., and E. A.). However, in 
another patient with arthritis (Patient J. I.) and in an additional patient with 
disseminated lupus erythematosus (Patient S. M.) no decrease from initially 
greatly elevated serum mucoprotein levels was noted during therapy. In the 
patient with acute leucemia and in the one with chronic nephritis, a rise in 
serum mucoprotein occurred during ACTIT administration. Several of the 
patients in whom a decrease in mucoprotein occurred during medication sub- 
sequently showed a rise in this component. 


ALTERATION IN MUCOPROTEIN 
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Fig. 4.—See Fig. 1 for legend. Serum mucoprotein when increased, only occasionally 
approached normal levels during ACTH therapy. 

Alterations in Plasma Fibrinogen.—The studies on plasma fibrinogen, as 
indicated in Fig. 5 and Table II, are fragmentary. Usually a decrease in 
fibrinogen occurred during treatment where initial values were elevated, and 
following treatment a rapid rise toward pretreatment levels occurred. The two 
patients with cirrhosis (Patients C. T. and M. A.) were striking exceptions, 
since in both of them initially elevated plasma fibrinogen levels were unaffected 
by ACTH. It will be noted that a drop in fibrinogen oceurred subsequently in 
Patient C. T. This seemed well correlated with other clinical and laboratory 
evidence of improvement in this patient. 

Plasma fibrinogen content is recognized as being an important factor in 
roducing alterations in the erythrocyte sedimentation rate.’” ** It is agreed, 
iowever, that factors other than increased plasma tibrinogen may be responsible 
‘or a rapid sedimentation rate. In the nineteen patients studied here, the 
rythrocyte sedimentation rate was determined serially in each patient. In all 
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instances this was found to be inereased prior to therapy. Invariably some 
reduction in sedimentation rate occurred during ACTH or cortisone therapy. 
However, the values frequently did not return to a normal range. The presence 
of anemia renders difficult the interpretation of the sedimentation rate. The 
methods of correcting for anemia are not entirely satisfactory and were not 
employed in this study. In Table II, values for erythrocyte sedimentation rate 


as influenced by therapy are indicated for five of the cases. 


ALTERATION IN FIBRINOGEN 
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Fig. 5.—See Fig. 1 for legend. Plasma fibrinogen levels frequently decreased during ACTH 
therapy and rose again after treatment was discontinued. 


Alterations in Plasma Volume.—In one patient receiving cortisone and in 
four receiving ACTH, plasma volumes were determined prior to, during, and 
subsequent to therapy. The findings are indicated in Table II. It is evident 
that ACTH resulted in a striking increase in plasma volume in three patients. 
However, in the fourth, an arthritic (Patient T. M.), the reverse seemed to 
occur. This patient was receiving large doses of sodium salicylate (6 to 7.2 Gm. 
daily) until four days prior to ACTH administration and was again given 
this drug ten days after cessation of ACTH. It is well known that large 
quantities of sodium salicylate will produce increases in plasma volume.’* *° 
Nonetheless, it seems remarkable that sodium salicylate should result in greater 
inereases in plasma volume than could be produced by ACTH. The patient 
receiving cortisone showed no increase in plasma volume during or subsequent 
to medication. 

At the same time as plasma volume estimations were made, blood specimens 
were obtained for protein fractions. This permits calculation of total circulat- 
ing protein components. Comparison of total circulating protein fractions 
with protein concentrations expressed as grams per cent indicates that striking 
differences may occur in instances where great changes in plasma volume are 
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encountered. <A graphic illustration of this is presented in Fig. 6 where altera- 
tions in total circulating protein constituents are compared with alterations in 
the same fractions expressed in grams per cent. Here an initial great increase 
in plasma volume after beginning ACTH was associated with a prompt increase 
in total circulating albumin, globulin, gamma globulin, and mucoprotein at a 
time when estimation in terms of grams per cent suggested a decrease in these 
components. After termination of therapy with subsequent reduction in plasma 
volume, the two forms of protein estimation, concentration and total circulating, 
showed changes in the same direction. 


GRAMS] TOTAL 

PER jciRcULATING| DAYS 

CENT |PROTEIN 20 40 60 80 100 
6.0 





4 


ALBUMIN 5.075 


4.0 





3.07 
GLOBULIN 1 
2.0 





GAMMA 1 
GLOBULIN 10 





MUCOPROTEIN 
0.107 








FIBRINOGEN 




















Fig. 6.—Here solid lines indicate protein values as grams per cent while broken lines 
indicate total circulating protein in grams. During ACTH therapy, increases in quantities of 
circulating protein constituents may occur at a time when the same constituents measured 
in grams per cent appear to be decreasing in amount. 

Inspection of Table II will show that in terms of total circulating amounts, 
the serum albumin after therapy as compared with serum albumin prior to 
therapy was appreciably greater in three of the five cases (Patients R. B., C.S., 
and T. M.). The amounts of circulating globulin and gamma globulin were 
reduced after therapy in three patients (R. B., M. A., and T. M.). The total 
circulating mucoprotein also decreased after therapy in three patients (R. B., 
M. A., and T. M.). The amount of circulating fibrinogen fell definitely in two 
instances and could not be ascertained in a third in which no pretreatment value 
was obtained. 

Of considerable interest was the prompt rise in the total amount of cireulat- 
ng albumin associated with a great increase in plasma volume early in the 
ourse of ACTH therapy in Patients C. 8., M. A., and C. T. (Table II). Of 
jual interest was the prompt reduction in albumin associated with a reduced 
lasma volume after initiating therapy in Patient T. M. The possible signifi- 
ance of these changes will be considered shortly. 





440 JAGER, BROWN, AND NICKERSON 


DISCUSSION 

The alterations in protein components resulting from ACTH or cortisone 
administration in the fifteen patients with collagen disorders described in this 
study are not at variance with the observations of others who have made similar 
studies and used chemical methods for protein fractionation.'*'* 2°*4 In a few 
reported studies, the electrophoretic technique, which offers certain advantages 
over chemical estimation of protein components, has been employed to observe 
the effects of therapy in patients with one or another of the collagen diseases.?°-?* 
The results obtained by chemical methods in general have been confirmed by 
electrophoretic studies. The latter have also provided useful information re- 
garding alterations in the alpha globulin fraction. 

In substance, it would appear that ACTH or cortisone administered to 
patients with collagen disorders is likely to lead to a reduction of a previously 
elevated total globulin and gamma globulin, while increases in albumin are to 
be found less frequently. Alpha globulin, when elevated prior to treatment, 
may or may not decrease. Serum mucoproteins have a certain similarity to 
electrophoretically estimated alpha-2 globulin, although the two are not identi- 





eal. Actually mucoprotein constitutes about 1 per cent of the total serum 
protein of normal subjects while alpha-2 globulin comprises about 11 per cent. 
The changes in mucoprotein during therapy of collagen diseases, as observed 
in this study, displayed wide variations, not unlike those observed thus far with 
measurements of alpha globulin by electrophoresis. The frequent prompt de- 
crease in plasma fibrinogen noted in the patients in this series resembles the de- 
crease that has been found in this fraction during the treatment of acute rheu- 
matie fever.**| The common observation of a decrease in erythrocyte sedimenta- 
tion rate in collagen diseases during treatment with ACTH or cortisone also 
would suggest that a prompt reduction in fibrinogen occurs if one accepts the 
view that an elevated plasma fibrinogen is chiefly responsible for an elevated 
sedimentation rate. 

Attention may be directed to alterations of protein constituents produced 
by ACTH or cortisone in diseases other than the collagen disorders. In one 
of the two eases of cirrhosis described here (Table II), a decrease in total 
globulin and in gamma globulin was noted during and subsequent to ACTH 
therapy. In a ease of chronic liver disease treated by Bluemle and co-workers,”’ 

a slight reduction in gamma globulin was observed during ACTH therapy. In 
a case of multiple myeloma described by Thorn and co-workers,*® ACTH treat- 
ment led to a marked reduction in serum globulin. In this patient there also 
was striking clinical improvement. In the case of myeloma described in the 
present report a great reduction in gamma globulin was not associated with 
clinical improvement. A decrease in total globulin, not initially elevated, was 
observed by Milhorat during ACTH treatment of a patient with myotonia 
atrophica.*! Electrophoretic studies on the serum of a patient with tuberculosis, 
treated with ACTH, indicated a rise in albumin and a reduction in gamma 
globulin.*? Alpha globulin concentration was unaffected. ‘ 
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Many factors may be operating to produce changes in blood constituents 
during ACTH or cortisone therapy. The dosage of drug employed, the degree 
of responsiveness of the adrenal to stimulation in the case of ACTH, the dura- 
tion of therapy, the disease treated, and the relative deviation of any com- 
ponent from normal could influence the type of response that would be observed. 
Spontaneous fluctuations in the activity of the disease also may alter protein 
constituents. 

While the effects of these variables cannot be evaluated fully, either in the 
series reported here or in those cases reported elsewhere, it is evident that 
ACTH or cortisone may produce reversion of abnormal protein values toward 
normal in a number of diseases. It is not reasonable to assume that these 
changes in protein merely reflect improvement, resulting from arrest of the 
disease process. In regard to disseminated lupus erythematosus, it is difficult 
to reconcile the often complete return of protein fractions to normal during 
therapy with the frequently evident clinical signs of persisting smouldering 
activity. Moreover, as has been indicated, in diseases other than those of the 
collagen group, improvement in abnormal protein patterns may oceur during 
ACTH or cortisone therapy. In not all such instances has there been clinical 
improvement to a corresponding degree. This suggests that changes in plasma 
protein constituents during therapy may represent, at least in part, metabolic 
alterations induced by therapy but unrelated to improvement of the disease. 
Certainly the frequently noted rapid decline in gamma globulin and of fibrinogen 
during therapy and the prompt rise after cessation could represent primarily 
a metabolic effect, at least partially unrelated to arrest of the disease. As re- 
gards albumin and mucoprotein, the variable response defies conjecture at this 
time. 

One might expect that prolonged administration of sufficiently large doses 
of cortisone or ACTH might always result in disappearance of anemia since 
polyeythemia occurs so frequently in patients with spontaneously hyperfuncetion- 
ing adrenal glands. Also, decrease in anemia might be related to clinical im- 
provement. In the group of patients considered here, anemia disappeared in 
some and not in others. Nine of these patients received treatment for more 
than twenty-one days. Each developed certain features of Cushing’s syndrome. 
However, anemia was found to disappear in only three of them. 

The striking increase in plasma volume that may occur in patients receiv- 
ing ACTH makes difficult the interpretation of values expressed in amounts 
per 100 ml. of blood, obtained during therapy, as contrasted with those obtained 
prior or subsequent to this time. The shift in plasma volume directs attention 
to an additional problem if one is considering total circulating amounts of 
protein components. There is evidence that plasma protein may be stored 
utside the plasma. Accordingly, shifts of plasma protein into or out of the 
‘ireulation may occur with alterations of plasma volume. This would afford 
n explanation for the early increases in total circulating albumin observed in 

iree of the cases included in Table II and similarly would account for the 
rompt reduction in total circulating albumin that was associated with a re- 
uction in plasma volume which occurred in one of the patients who was receiv- 
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ing ACTH. Harroun, Smyth, and Levey** were able to show that total cireu- 
lating protein (both albumin and globulin) increased considerably in normal 
subjects whose plasma volume was increased suddenly by a saline infusion. In 
undernourished subjects, however, decreases usually were observed at the time 
when the plasma volume was increased. Certainly these patients to whom 
ACTH was given during the present study would qualify far better as under- 
nourished than as normal subjects. 


CONCLUSIONS 


The effect of ACTH or cortisone upon volume of packed red cells and 


plasma protein components was examined in fifteen patients with collagen 
diseases and in four with miscellaneous disorders. 


The most frequently observed alteration was a reduction in serum gamma 


globulin as determined chemically. 


Less constant but still common was a reduction in plasma fibrinogen dur- 


ing treatment. 


Variations in responses were observed in volume of packed red cells, serum 


albumin, and serum mucoprotein. 


Total circulating protein components as estimated by concurrent plasma 


volume estimations in five cases were found frequently to change in an opposite 
direction to values expressed in amounts per 100 milliliters. 
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THE EFFECT OF ADRENOCORTICOTROPHIC HORMONE (ACTH) IN 
IDIOPATHIC ACQUIRED HEMOLYTIC ANEMIA AS RELATED 
TO THE HEMOLYTIC MECHANISMS 


FRANK H. GARDNER, M.D.,* ArtHUR E. McCE.Lrresu, M.D.,** 
JouN W. Harris, M.D.,t anp Louis K. Diamonp, M.D.S 
Boston, Mass. 


HE effect of administering adrenocorticotrophie hormone (ACTH) on 

hemolytic and agglutination mechanisms has been studied in three patients 
with idiopathic acquired hemolytic anemia. Certain aspects of the effect of 
ACTH have been deseribed for possible immune mechanisms.' Long and Favour? 
have demonstrated that patients previously shown to be sensitive to tuberculin 
or other bacterial antigens show a markedly diminished or absent skin reaction 
while receiving adequate doses of ACTH. Other studies* have shown a marked 
decline in gamma globulins and complement in patients receiving ACTH therapy. 
However, Kass and co-workers* and Mirick® have found that patients are able 
to produce circulating antibodies to specific immunizing procedures or infections 
while receiving ACTH, Accordingly there is circumstantial evidence that 
ACTH may affect certain immune reactions in a nonspecific manner, but there 
is little evidence to suggest any specific inhibition. It was anticipated, there- 
fore, that the administration of ACTH to patients with idiopathic acquired 
hemolytic anemia might affect in part and nonspecifically the apparent im- 
munologic aspects of the hemolytic mechanism. Although serum factors as 
reflected by (1) the presence of agglutinins and hemolysins and (2) globulin 
substance on the red cell membrane that may cause agglutination or hemolysis 
of the red cells, these factors may well be abnormal proteins and not necessarily 
part of a classical immune system. 

Although the etiology is unknown in idiopathic acquired hemolytic anemia, 
there are many evidences for the presence of agglutinins and hemolysins which 
may be antibody in nature of undetermined origin. Boorman, Dodd, and 
Loutit® have demonstrated that Coombs serum (antihuman serum rabbit serum) 
will agglutinate the washed red cells of some patients with acquired hemolytic 
anemia, a direct Coombs test. Dameshek* has demonstrated direct serum 
hemolysins in three patients with acquired hemolytic anemia. A circulating 
hemolysin effective at an acid pH has been demonstrated in a patient by Dacie* 
and confirmed by Gardner and Harris.’ A circulating agglutinin effective at 
a pH range of 6.5 to 6.7 has been demonstrated in the serum of most patients 
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by Gardner.’ Evans" and Kidd'? have shown that a globulin substance can 
be eluted from the patient’s erythrocytes and transferred to normal erythrocytes 
to produce a positive indirect Coombs test. Normal red cells transfused into 
these patients may be destroyed rapidly, as demonstrated by the Ashby tech- 
nique.'* The transfused normal cells acquire an increasing concentration ot 
the agglutinin as evidenced by increased reactivity with the Coombs serum 
until they have the same titer as that of the patient’s circulating red cells within 
twenty-four to forty-eight hours.'’ The reticulocytes in the patient’s blood have 
a low Coombs titer, indicating that they are less sensitized than the more mature 


erythrocytes which have acquired more globulin substance.'?  Wagley and 
associates't have demonstrated that the red cells obtained from the spleens of 
patients with acquired hemolytie jaundice showed a higher sensitization than 
the red cells in the peripheral blood when tested with Coombs serum. 

Three patients were chosen for treatment with ACTH because they mani- 
fested objective and measurable abnormalities in vitro of the red cells, namely, 
increased osmotic and mechanical fragility, a high titer of agglutination of red 
cells in Coombs serum, and certain other evidences of serum factors. 


METHODS 


Standard methods were used for erythrocyte and reticulocyte counts, and for determina- 
tion of hematocrit and hemoglobin.15 The methods employed in the study of hemolytic 
mechanisms have been published elsewhere, as follows: osmotic fragility,16 mechanical 
fragility!? (modified from the original method by rotation at 100 r.p.m. for one hour), cold 
agglutinins,!18 hemolysin test with acidified serum,!9 agglutination of erythrocytes at acid 
pH,1!° and demonstration of hemolysin by the addition of dilute absorbed guinea pig serum.9 
The concentration of gamma globulins2® and of complement in the serum were measured* semi 
quantitatively.21. The amount of globulin absorbed on the erythrocytes was estimated in the 
direct Coombs test by suspending 0.2 ml. of the thrice-washed patients’ erythrocytes (5 per 
cent suspension in saline) in equal amounts of serially diluted antihuman serum rabbit 
serum.t This mixture was incubated for one hour at 37° C., centrifuged one minute at 1,000 
r.p.m., and the end point of agglutination was read microscopically. The titer of agglutina- 
tion is expressed as the reciprocal of the final serial dilution of Coombs serum. To evaluate 
the adrenal activity in response to ACTH therapy, the direct eosinophil count was used in 
three patients, and the urinary 17-ketosteroids were determined in one patient.22 Free hemo- 
globin in plasma, urine, and in certain hemolysis tests was measured by a modification of 
the benzidine method of Bing and Baker?5 utilizing the Evelyn colorimeter.24 


CASE REPORTS 


Detailed summaries of the case histories of the three patients from whom the data were 
obtained are given. 


CasE I.{—L. P., a 44-year-old white girl, was admitted to the Children’s Hospital 
Boston, Mass., on Dee. 19, 1949. Her illness had begun in May, 1949, when she became pale 
ind irritable and was noted to have amber urine. In July a diagnosis of acquired hemolytic 


*We are indebted to Dr. John Vaughn for the gamma globulin and complement measure- 
ients in Case II 

+The Coombs sera used in these tests have equivalent values for antiglobulin titration as 
etermined with red cells sensitized with incomplete Rh antibody and with red cells from a 
itient with chronic idiopathic acquired hemolytic anemia. 

tWe are indebted to Dr. Janet Watson of the Department of Medicine at the State 
niversity Medical Center at New York for allowing us to study this patient. 
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anemia was made at the Long Island College Hospital and the patient was treated with 
numerous transfusions. In September, 1949, a splenectomy was performed, Postoperatively 
there was a five-week period of good health with return to normal of the blood values and 


with no evidence of abnormal hemolysis. 
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Fig. 1.—Case I: Studies of osmotic and mechanical fragilities, direct Coombs titer, and 
certain blood values. The osmotic fragility is drawn to show the percentages of hemolysis of 
red cells in various concentrations of sodium chloride as obtained from the osmotic fragility 
curve for the specific hospital day. By connecting the same percentage of hemolysis for each 
determination, the changes with time became apparent. The mechanical fragility is plotted as 
percentage hemolysis. 


In mid-October, however, there was a recurrence of anemia and icterus appeared for the 
first time. During the subsequent twelve weeks, and until admission to the Children’s Hospital 
in Boston, the patient required three to five transfusions a week. In spite of this treatment 
anemia continued. 

The child was of Italian ancestry. There was no illness in her past history that ap 
peared related to her anemia. The father and mother, aged 37 and 45 years, as well as two 
sisters, aged 7 and 12 years, and a brother, aged 2 months, were all living and well. There 
was no history of anemia, jaundice, or cholelithiasis in any of the parents or siblings. 

Physical examination revealed a well-developed, well-nourished white girl with pale, 


moderately icteric skin. There was moderate icterus of the sclerae and palate. A grade II 
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systolic murmur was heard at the apex, but the heart was not enlarged. There was a well- 
healed left rectus splenectomy sear and the liver was palpable one fingerbreath below the 
right costal margin. The remainder of the examination was unremarkable. 

Laboratory data showed a red cell count of 2.7 x 106 per cubie millimeter, the hemo- 
globin of 9.5 Gm. per 100 ml., hematocrit 23 per cent, reticulocyte count 9 per cent, 50 nucle- 
ated red cells per 100 white cells, white cell count (corrected for nucleated red) 15.5 x 108 
per cubic millimeter, The differential count of white cells on the blood film was not remarkable. 
The total serum bilirubin was 8.385 mg. per 100 ml., the 1 minute serum bilirubin 0.32 mg. 
per 100 milliliters. Urinalysis revealed no free hemoglobin and urobilinogen was present 
in a dilution of 1:80+. The serum showed no cold agglutinin, no agglutinins or hemolysins 
effective at acid pH, and no hemolysis on the addition of guinea pig serum to the patient’s 
red cells. The direct Coombs test showed 1+ agglutination of the patient’s red cells at a 


1:4,056 dilution of the Coombs serum. 
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Fig. 2.—Case I: Blood studies during second course of ACTH therapy. 


Hospital Course.—For five days the patient was observed without treatment with ACTH 
to establish the control observations shown in Fig. 1. During this period she received four 
transfusions of 200 ml. of packed erythrocytes and it was apparent that the transfused cells 
were being rapidly hemolyzed. Treatment with ACTH* was begun on the sixth hospital day, 
10 mg. being given daily in four equally divided doses. Since this produced only a moderate 
eosinopenia, the dose was increased to 60 mg. a day on the eighth day, at which level all 
eosinophils disappeared. The hematologic changes that occurred while the patient was on 
this regime are shown in Fig. 1. No further transfusions were required during her subse- 
juent hospital stay of six weeks. Jaundice decreased and there was a marked improvement 
in the patient’s appetite, strength, spirits, and activity. Although ACTH was administered 
for only thirteen days, clinical improvement continued beyond this time. 

At the time of discharge, forty-four days after admission, jaundice was minimal and the 
ver was slightly decreased in size. Three weeks after discharge the patient had a marked 
ematologic relapse and another course of ACTH therapy, beginning with a dose of 50 mg. 
er day, was given in New York by Dr. J. Watson. Again there was a marked improvement 


*The adrenocorticotrophic hormone use] in these studies was generously furnished by 
. John R. Mote of the Armour Laboratories, 
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in patient’s blood values as shown in Fig. 2. Following this second course of therapy the 
patient had maintained relatively normal blood values which were reported six months later 
(Aug. 11, 1950) as follows: red cell count 4.91 x 106 per cubic millimeter, a hemoglobin 
13.8 Gm. per 100 ml., and hematocrit 42 per cent. The direet Coombs test was then positive in 
only a 1:2 dilution, which is probably not significant. 

Comment.—This was the first patient in this study to receive ACTH for an acquired 
hemolytic anemia. Fig. 1 shows the marked changes that occurred in the osmotic and me- 
chanical fragility. Daily transfusions had been required to maintain the red cell count be- 
tween 2 and 3 x 106 per cubic millimeter. While receiving ACTH, the patient required no 
further transfusions. Although these changes indicate a marked decrease in the hemolytic 
process, the titer of the direct Coombs test did not decrease markedly until eighteen days 
after the hormone therapy was discontinued. During the second course of ACTH therapy 
the Coombs test became negative. Since a different strength Coombs serum was employed in 


the two studies, the agglutinin titers in Figs. 1 and 2 are not comparable. 


Case II.—M. M.,* a 24-year-old, unmarried woman had complained of weakness and 
marked fatigue culminating in an episode of fever, jaundice, and dark urine five weeks be- 
fore entry into the Beth Israel Hospital, Boston, Mass., on Dec. 28, 1949, At this time pallor 
and mild icterus were observed on physical examination. The fundi showed blurred dise 
margins and a small hemorrhage in the right retina. There were no abnormalities on neu- 
rological examination. 

Laboratory examinations revealed hemoglobin 3.1 Gm. per 100 ml., 8 to 10 nucleated red 
cells per 100 white cells; white cell count 8 to 10.6 x 108 per cubic millimeter with normal 
differential counts of white cells. There was marked spherocytosis of the red cells. The blood 
platelets were decreased to 72 x 103 per cubie millimeter. The blood Hinton was negative. 
The serum showed no cold agglutinins but contained a hemolysin active on normal red cells 
(10 per cent hemolysis) and on the patient’s red cells at pH 6.4. This hemolysin was transient 
and was not observed except at the time of most severe hemolytic activity. The serum bili- 
rubin was 3.0 mg. per 100 ml., total protein 6.9 Gm. per 100 ml., and albumin 4.1 Gm. per 
100 milliliters. Urinalysis revealed persistent minimal proteinuria. Although the patient re- 
ceived eight transfusions shortly after admission, her hemoglobin did not rise above 5 Gm. 
per 100 ml. at any time. On the eleventh hospital day the patient developed left facial weak- 
ness, paresis of the left upper and lower extremity, and dorsiflexion on eliciting the left 
Babinski reflex. On the seventeenth hospital day, Jan. 18, 1950, the patient was transferred 
to the Peter Bent Brigham Hospital for further study. 

Additional past history revealed that the patient had had anemia and jaundice at the 
age of 8 years for which she had been admitted to the Children’s Hospital, Boston, Mass. 
Physical examination at that time revealed pallor, jaundice, and a spleen palpable one finger 
breadth below the left costal margin. The red cell count was 1.8 x 106 per cubie millimeter 
with 28 per cent reticulocytes. A qualitative test for osmotic fragility of the red cells showed 
hemolysis beginning at a concentration of sodium chloride of 0.85 Gm. per 100 milliliters. 
Without specific therapy the patient made a rapid recovery from this hemolytic episode and 
in one month the blood values and osmotic fragility were normal and the spleen was no longer 
palpable. A diagnosis of idiopathic acquired hemolytic anemia was made. Again at the 
age of nineteen she was jaundiced for a two-week period; she received no medical care and 
recovered spontaneously. The patient complained of generalized urticaria following inges- 
tion of tomatoes and aspirin. Six months before her admission to the Beth Israel Hospital 
her hemoglobin had been 13.2 Gm. per 100 millimeters. 

On admission to the Peter Bent Brigham Hopital the physical examination revealed a 
patient, in bed, in acute distress because of pleuritic pain in the right anterior chest pre 
sumably resulting from pulmonary infarction. The temperature was 100° F., pulse 120 per 
minute, respiration 25 per minute, blood pressure 120/60 mm. of mercury. There was a loud 

*This patient was studied through the courtesy of Dr. Benjamin Alexander. <A preliminary 
note concerning this patient has been published.! 
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friction rub over the right anterior chest. The spleen was palpable four fingerbreadths below 
the costal margin in the left upper quadrant, firm and nontender. There were moderate 
edema and complete paresis of the left upper and left lower extremity. 

The intercostal nerves were blocked with novocain which relieved the pleuritie pain. 
All veins in the upper extremities that had been used for previous venepunctures were ob- 
served to be thrombosed and affected by an active phlebitis along the course of the vessels. 
During the first ten days the patient had numerous episodes of thrombophlebitis in her arms 
and the calves of her legs and two episodes of pulmonary infarction. No anticoagulant 
therapy was given because of thrombocytopenia. Apparently pressure alone over the course 


of a vein would be followed by thrombophlebitis. 
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Fig. 3.—Case II: Studies of osmotic and mechanical fragilities, the Coombs titer, and 
certain blood values. The Coombs titer is plotted as the reciprocal of final dilution that showed 
microscopic agglutination. See Fig. 1 for explanation of osmotic fragility. The ACTH therapy 
schedule represents milligrams per day (see text). 


Laboratory studies concerned with the patient’s hemolytic anemia are plotted in Fig. 3.* 
During the first two weeks the patient appeared to improve spontaneously. Although the in- 
cidence of thrombophlebitis decreased, a low-grade fever persisted. On the seventeenth 
hospital day thrombophlebitis in the extremities became more diffuse, the reticulocytes began 
to inerease, and the osmotic and mechanical fragilities of the red cells became more ab- 
normal, At this time a fourteen-day course of ACTH was started, 100 mg. being given daily 
in four equally divided doses. A marked response in blood values was apparent as shown in 
Fig. 3. At the end of the fourteen-day period of ACTH treatment the spleen was no longer 
palpable, there was eosinopenia, and the 17-ketosteroids in the urine had risen to 18 mg. per 
twenty-four hours compared to a control value before treatment of 5.5 mg. per twenty-four 
hours. The patient also was afebrile and there were no further episodes of thrombophlebitis. 
However, when the ACTH was discontinued, the patient again became febrile with tempera- 

*Additional studies concerning the clotting mechanism of this patient will be reported 
separately by Dr. Benjamin Alexander. 
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gested a transient thrombosis of a lateral venous sinus. 


gamma globulins. 


might have aided in diagnosis.27* 


hours of progressive disorientation and purpura. The 


clinical diagnosis of thrombotic thrombocytopenic purpura 


ture at 101 to 102° F. associated with thrombophlebitis in both calves. 


bar puncture and x-ray films of the skull were within normal limits. 


secause the patient had disseminated thrombophlebitis 


hematologic relapse, on the fifty-third hospital day ACTH was again started, 


there was no hemolysis of the patient ’s red cells in dilute guinea pig serum. 


be studied. Frequent estimations of compliment titer and 


made in this patient throughout her period of hospitalization. 


hegan to rise, only to decline again with the second period of ACTH therapy. 


of ACTH therapy. Coincident with the decrease in concentration 


*Nine months after splenectomy the patient again entered the hospital 


normal limits and the Coombs test was negative. The blood 
40,000. The patient died four days after entry. Post-mortem 










































Once more tender 
veins were found in the arms. The patient began to complain of visual difficulty, most marked 
in the left eye. Examination of the fundi revealed bilateral papilledema of 1 to 2 diopters 
and retinal hemorrhages. For three days vertigo and occipital headaches were present. Lum- 
Gradually and spon- 
taneously there was marked improvement of vision and disappearance of vertigo and head- 
aches in the subsequent four days. No adequate explanation was found to explain these 


neurological changes. Although no definitive localizing signs were present, the evidence sug- 


of further 


and after a 


fourteen-day course of therapy a transthoracic splenectomy was done with the patient still 
under ACTH therapy. The postoperative convalescence was uneventful and the patient was 
discharged on the eightieth hospital day. Six months after splenectomy the patient had a 


negative direct Coombs test, no agglutination of red cells in the serum at an acid pH, and 


Comment.—This patient presented an opportunity to evaluate the action of ACTH in a 
unique manner. In addition to the abnormal osmotic and mechanical fragility changes of the 
red cells, the presence of a serum factor causing agglutination of red cells at acid pH could 


imma globulin concentration were 


This patient Was the only patient in this series to show a low level of serum comple- 
ment. This observation has been noted previously? during acute hemolytic episodes, As can 
be seen in Table I the initial levels of serum complement persisted throughout the first course 
of ACTH therapy. This would be anticipated from the studies of Vaughan and co-workers.? 
From the thirty-third to the fifty-third hospital day with no ACTH treatment the complement 
No attempt is 
made to give causal relation to the changes in complement and the hemolytie process. 

The gamma globulins were markedly elevated before treatment with ACTH, decreased 
during the first period of therapy, again started to increase between the first and second 
courses of therapy, and finally decreased to within normal range following the second period 
imma globulins in 
the serum, there was loss of the serum factor causing agglutination of red cells at acid pH, 
the direct Coombs test of the patient’s red cells decreased from 512 to 16, and the red cells no 
longer were hemolyzed in dilute guinea pig serum. Further studies are in progress to de- 


termine whether these associated events are related to the change in concentration of the 


Persistent thrombocytopenia as observed before therapy in this patient has been re- 
ported frequently in idiopathic acquired hemolytic anemia in which the Coombs test was posi- 
tive.26 Also, the chronic thrombocytopenia of paroxysmal nocturnal hemoglobinuria is well 
documented. However, the recurrent and spontaneous thrombophlebitis of severe degree is 
most unusual and remains of undetermined origin. Because the thrombotic process appeared 
to be limited primarily to the venous vascular system, the diagnosis of thrombotie thrombo- 


cytopenic purpura was not made. Biopsy of the bone marrow was not done, a procedure which 


CASE III.—G. S. was a white boy 12 years and 8 months old who was first seen at 
Children’s Hospital, Boston, on March 2, 1950. His illness had begun fourteen months prior 
to admission when he was noted to have yellow sclerae, dark urine, and somewhat lighter stools 


than usual. These findings persisted for six months and then gradually regressed until his 


after twenty-four 


were within 


platelets were consistently below 
confirmed the 
(thrombocytic acroangiothrombosis ). 
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yellow sclerae were the only evidence of possible hemolytic anemia. Six months prior to ad- 
mission the jaundice became more intense and the urine again became dark. He occasionally 
complained of right upper quadrant pain but had no other symptoms. He continued in this 
manner, attending school and acting normally for six more months until referral here. There 


was no family history of anemia, jaundice or cholelithiasis. The past history was unremark 
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Physical examination revealed a well-developed, well-nourished, white boy, whose skin 
and selerae were markedly jaundiced. The firm edge of the liver was felt three fingerbreadths 
below the right costal margin and the spleen was felt four fingerbreadths below the left costal 
margin. 

The laboratory data on admission were a red cell count of 3.7 « 106 per cubic millimeter, 
reticulocytes 19 per cent, hemoglobin 13.4 Gm. per 100 ml., platelets 347 x 103 per cubie milli- 
meter, white cell count 7.5 x 103 per cubic millimeter with a normal differential count of white 
cells. The erythrocytes showed moderate spherocytosis. Urine showed 4+ bile and urobilinogen 
it a dilution of 1:16, The total protein was 7.4 Gm. per 100 ml., the 1 minute serum bilirubin 
2.6 mg. per 100 ml., and the total bilirubin 5.4 mg. per 100 milliliters. Liver function studies 
were within normal limits. Because of the elevated 1 minute bilirubin, a cholecystogram was 
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made, The gall bladder was not visualized. Duodenal intubation yielded secretions of normal 
viscosity and normal bile and trypsin levels. The mechanical and osmotic fragility values 
of the blood were elevated as indicated in Fig. 4. The direct Coombs test showed microscopic 
agglutination of patient’s red cells at a dilution of 1:256. The serum showed no cold ag- 
glutinins, the hemolysis test with acidified serum was negative, and there was no agglutination 
of red cells in the patient’s serum at acid pH. The patient’s red cells showed moderate 
hemolysis in guinea pig serum (Table IT). 

Course.—Based on a diagonsis of idiopathic acquired hemolytic anemia, treatment with 
ACTH was begun at a dose of 60 mg. daily in four equally divided doses. There was a con- 


clusive eosinopenia and the ACTH was continued at 60 mg. daily for seven days, then reduced 





to 30 mg. daily for two days, and continued at a dose of 20 mg. daily until splenectomy. 
There was moderate improvement while the patient was on ACTH, but a full course could 
not be given since the patient developed marked hypertension. Following the course of ACTH 
therapy, splenectomy was performed without complication. 

Comment.—This patient had abnormalities comparable to those noted in Cases I and IT, 
namely markedly positive direct Coombs test and increased osmotic and mechanical fragilities. 
In Case III, however, the abnormal osmotic fragility remained approximately the same during 
the period of ACTH therapy. It is possible that larger doses of ACTH would have returned 
the osmotic fragility to the normal range as noted in the other two patients. 

This child showed hemolysis of the red cells in dilute guinea pig serum at an acid pH 
(Table I), an abnormality which disappeared after splenectomy. This hemolysis had not been 
observed previously in children. This is somewhat unusual inasmuch as this patient and other 
children have shown no agglutination of normal cells in their serum at an acid pH, an ob- 
servation that is not explained. 

RESULTS 

Clinical Data—Briefly the patients may be characterized as follows. In 
Case I, a patient of 44% years, it was possible to observe the effect of ACTH 
given on two separate occasions before prolonged remission occurred. This 
patient had had splenectomy before receiving ACTH. The results are shown 
in Figs. 1 and 2. In Case II, a 24-year-old, unmarried woman, it was possible 
to observe the effects of administration of ACTH on two oceasions. Splenectomy 
was performed after the two periods of ACTH therapy. The data are shown 
in Fig. 3 and Table I. In Case III, a boy of 12 years ana 8 months, ACTH 
therapy was given for one period preceding splenectomy. The data are given 
in Fig. 4 and in Table IT. 

Accordingly, in three patients ACTH therapy was given a total of five 
times with observations of the clinical state as well as hematologic data. There 
was evidence of marked remission in the hemolytic process in four instances 
and moderate remission in one. The evidence in each case was a decreasing 
requirement for the transfusions of whole blood or a rise in the level of hemo- 
globin associated with decreasing numbers of reticulocytes. Twice in Case II 
thrombophlebitis had been well established and decreased markedly during 
therapy with ACTH, and did not recur following splenectomy. 

Direct Coombs Test.—In four out of the five instances of ACTH therapy, 
there was a striking decrease in the direct Coombs test occurring during or 
following the treatment. In Case I, the direct Coombs titer of 4,096 decreased 
following the first treatment with ACTH to a figure of 128; it subsequently 


increased but on a second course of ACTH fell to zero. In Case II there was 
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a marked decline in the Coombs titer following the first course of ACTH therapy 
but there was no change following the second course. In Case III, the Coombs 
titer dropped sharply coincident with ACTH therapy and then returned to a 
higher value than before treatment in spite of splenectomy. There was no 
strict correlation between the Coombs titer and the degree. of hemolysis as 
observed in Case 1 in which the hemolytic process decreased markedly before 
any change in the Coombs titer occurred. And, as already indicated in Case IT, 
there was no significant change in the Coombs titer in the period immediately 
following the second treatment with ACTH and splenectomy; although the 
Coombs test became negative four months after operation. 

Serum Agglutinin Effective at Acid pH.—An agglutinin was present in 
the serum of only one patient, Case IT, being absent typically from the chidren,”° 
Cases I and III. As shown in Table I, the agglutinin in Case II disappeared 
during the first treatment with ACTH, subsequently reappeared when treatment 
was discontinued, and finally disappeared following a second course of ACTH 
therapy and splenectomy. 

Hemolysis of Patients’ Red Cells in Guinea Pig Serum.—tIn Cases II and 
III hemolysis of the patients’ red cells occurred when the washed cells were 
suspended in guinea pig serum as shown in Tables I and II. In these two 
patients ACTH therapy was given on three occasions. In each instance the 


TABLE I. CASE II—CHANGES IN AGGLUTINATION, HEMOLYSIS, GAMMA GLOBULIN AND COMPLE- 
MENT ACTIVITY AS OCCURRED WITH AND WITHOUT TREATMENT WITH ACTH, COMPLEMENT 
ACTIVITY OF PATIENT’S SERUM AND GAMMA GLOBULIN VALUES EXPRESSED 
IN KLETT COLORIMETER READINGS 


‘JAGGLUTINATION| HEMOLYSIS OF | 





| 
| DIRECT | OF NORMAL |PATIENT’S R.B.C.| : 
| COOMBS R.B.C. AT | INGUINEA PIG |__ PATIENT S SERUM 
| TEST ON | pH 6.5 SERUM | COMPLE- | GAMMA 
| PATIENT’S | IN PATIENT’S AT pH 6.4 | MENT | GLOBU- 
DAY | R.B.C. | SERUM (%) | ACTIVITY * LINt TREATMENT 
 f- =a = 26 - _ No therapy :- 
3 512 2+ 30 - 118 (Days 1-20) 
9 2+ ~ 2 124 
16 = 2+ 10 32 113 
23 912 1+ 0 47 66 100 mg. ACTH daily 
25 256 0 0 - ~ (Days 20-33) 
31 128 0 0 37 63 
34 64 - - 53 65 eeaeys 
41 16 0 0 78 57 No therapy 
45 = 0 0 92 75 (Days 33-53) 
51 128 0 25 11] 110 
55 512 14 28 97 79 WEE Oo eS 
59 “i 39 e = 80 mg. ACTH daily 
61 - 0 - if 61 (Days 53-66) 
63 128 - 26 74 65 
68 256 - 18 66 42 
Splenectomy seventieth day 
72 512 () 0 . - 40 mg. ACTH daily 
79 912 0 0 - - (Days 66-74) 
87 _ 0 0 - - 
tmo.later 0 0 0 “ - 








* Normal complement range 80 to 120. 
*+Normal gamma globulin = 45. 
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therapy was followed by disappearance of the hemolysis of the patients’ cells. 





In Case II the hemolysis returned after a period of no therapy. In each patient 






the hemolysis disappeared following splenectomy. 






Serum Complement and Gamma Globulins.—In Case II the complement 






activity of serum, shown in Table I, showed a significant depression before the 





first course of ACTH. Low serum complement values have been noted previ- 






ously? associated with acute hemolytie episodes. The complement activity 






remained depressed during the first course of therapy, rose to normal values 






between periods of treatment with ACTH, and declined again during the second 





period of therapy. This response to ACTH has been noted previously by 





Vaughan and associates. No correlation can be made between these observations 





and hemolysis at the present time. 














TABLE II. Casket ITI—HEMOLYTIC ACTIVITY OF PATIENT’S CELLS IN DILUTE GUINEA 
Pig SERUM 





HEMOLYSIS OF PATIENT’S 
R.B.C. IN GUINEA PIG SERUM | 











HOSPITAL DAY AT pH 6.4 (%) TREATMENT 
9 6 oe 7 
11 9 ACTH given from 9th to 28th 
16 Bo” hospital day 
24 13 
Splenectomy twenty-ninth day 
53 0 






*This result appears higher than was consistent with the visual estimation of 1+ which 
probably corresponds to about 10 per cent hemolysis. 









In Case II it was possible to demonstrate a decrease in the serum gamma 





globulins following the first and second courses of treatment with ACTH. 
Osmotic and Mechanical Fragilities of Red Cells—In each of the three 
patients it was possible to observe initially a striking abnormal increase in 







erythrocyte osmotic fragility. This decreased markedly or returned to normal 
during the period of treatment with ACTH. A markedly increased erythrocyte 
mechanical fragility decreased during treatment with ACTH in Cases I, II, 
and III. In Case II the decrease after the first period of therapy was not as 
marked as in Cases I and III. It is emphasized that the changes in these fragil- 









ities of red cells did not necessarily correlate with changes in the Coombs titer 
of the red cells as is shown in Fig. 1 for Case I. In Case III, the erythrocyte 






osmotic fragility remained abnormally elevated for a long period of time after 





splenectomy in spite of marked variations in the Coombs titer and decrease in 






the mechanical fragility of the red cells. 






Size of Spleen.—In Case I the spleen already had been removed before the 
patient was seen. In the other two patients the spleen decreased significantly 







in size while under observation and following the ACTH therapy 
Red Cell Count and Level of Immature Red Cells——The reticulocytes re- 
mained chronically elevated in Case I throughout the period of observation. 







The decline of normoblasts in the peripheral blood suggests that there was a 
In Case II there was a striking decrease 






diminution of the hemolytic process. 
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in the numbers of reticulocytes coincident with the first treatment with ACTH 
and associated with an increase in the value of the hematocrit. In Case III the 


reticulocytes did not decrease significantly until splenectomy at a time when 


the red cell count reached approximately normal values. 
DISCUSSION 

In two children and one adult with severe idiopathic acquired hemolytic 
anemia, it has been possible to make certain hematologic observations as related 
to the response to ACTH treatment. It was apparent in each instance that the 
rate of blood destruction was decreased in association with ACTH treatment 
as evidenced by a decreased demand for transfusion in Case I, a spontaneous rise 
in hematocrit and decrease in reticulocytes in Case II, and moderate improve- 
ment in Case III. The evidence for possible immunologic abnormality in these 
three patients included a positive direct Coombs test in all three patients, the 
presence of an agglutinin effective at acid pH in one patient, and hemolysis of 
the patient’s red cells in guinea pig serum at an acid pH in two patients. There 
was a decrease in these abnormalities associated with the administration of 
ACTH. The abnormal serum factor or change of the red cell membrane that 
may cause agglutination or hemolysis is not associated with any classical concept 
of an immune mechanism from present evidence. Although the origin of the 
agglutinins and hemolysins in this disease cannot be defined, the alteration by 
ACTH associated with clinical improvement appears to bear on the possible 
mechanisms of hemolysis. 

For example, it is clear in many instances that a decrease in pH of blood 
in vitro is associated with agglutination or hemolysis. It is conceivable that 
agglutination induced by an acid pH, in such organs as the spleen, may lead 
to sequestration and destruction of red cells.‘* In the patients reported here 
it was possible 19 observe changes of osmotic and mechanical fragilities from 
significantly abnormal values to normal values. These red cell abnormalities 
served simply as an index of change since many patients with idiopathic 
acquired hemolytic anemia have no abnormality of erythrocyte osmotie or 
mechanical fragilities. 

It appears quite likely that treatment with ACTH modified in a nonspecific 
manner the hemolytic status of the patients. Clinically the treatment made it 
possible to transfuse Case I with safety, enabled Case II to show improvement 
without transfusion, and was associated with decrease in the size of the spleen 
in Cases II and III. Treatment with ACTH apparently will permit preparation 
of the patient for operation with less risk than there would otherwise be. In 
Case I the second response to therapy associated with normal blood values may 
suggest that intermittent ACTH treatment will allow some patients to improve 
blood values without splenectomy. However, chronic administration of the 
drug should be considered carefully in view of its toxic side reactions.' 


CONCLUSIONS 


Three patients with idiopathic acquired hemolytic anemia were studied 
vhile receiving ACTH therapy. 
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The following modifications of hemolytie activity were observed. (a) In 
all patients the Coombs titer and the mechanical fragility of the red cells 
declined markedly. (b) In two patients the osmotic fragility of the red cells 
returned to normal range. (¢c) In one patient the ability of the serum to 
agglutinate normal red cells at an acid pH disappeared during therapy with 
ACTH but reappeared after therapy with ACTH was discontinued. 


ACTH was useful in preparing two patients for splenectomy and it is 


suggested that this hormone may be of great value in preoperatively controlling 


the rapid red cell destruction. ACTH alone is only of transient value in eon- 
trolling hemolytic activity. 


We are indebted to Dr. T. H. Ham and Dr. W. B. Castle for review of the manuscript. 


ADDENDUM 


Since this manuscript was submitted, five additional patients with idiopathic acquired 
hemolytic anemia have been studied. All have shown excellent hematologic response to 


ACTH therapy. 
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EFFECT OF ACTH ON LEUCOCYTE COUNTS IN WHITE MICE 
Epwarp H. Kass, M.D., Pu.D..* MarGuerite M. LUNDGREN, A.B., AND 


MAXWELL FINLAND, M.D. 
Boston, Mass. 


ORDER to study the mechanisms of action of pituitary adrenocortico- 
tropic hormone (ACTH) in laboratory animals it is necessary to determine 
doses of the hormone which will induce reproducible physiologic effects in the 
test animals. The effect of ACTH which is most conveniently studied is its 
capacity to induce eosinopenia and lymphopenia. The decrease in circulating 
eosinophiles which follows the administration of ACTH or of adrenal cortical 
hormones also occurs following the application of diverse stimuli, and has 
been used as a measure of the degree of adrenal cortical activation in man 
and in experimental animals.''?} Lymphopenia has been studied less ex- 
tensively in relation to adrenal cortical activation partly because of the ease 
with which the absolute numbers of eosinophiles in the blood may be enu- 
merated and partly because the diminution of eosinophiles may occur with 
little alteration in the total numbers of circulating lymphocytes.’ 

Dougherty and White*® demonstrated that ACTH, given to mice, induced 
leucopenia and lymphopenia. Although there was also an accompanying 
increase in the absolute number of polymorphonuclear leucocytes, the latter 
effect was not as great in magnitude, nor was it sustained over as long a 
period as the lymphopenia. Inasmuch as 60 to 80 per cent of the leucocytes 
of the mouse are lymphocytes,’ leucopenia was the result of the lymphopenia 
induced by ACTH. 

Speirs and Meyer® found that the numbers of circulating eosinophiles in 
white mice were reduced by as much as 90 per cent following the application 
of such mild stimuli as cleaning the animals’ cages, or handling the mice and 
removing a drop of blood from their tails. The eosinopenia due to handling 
and loss of blood was most marked about four hours after the manipulation, 
and was usually followed by a rebound phase during which the eosinophile 
counts exeeeded the control levels before returning to their normal values. 
Adrenaleetomized mice generally responded to similar stimuli with slight in- 
creases rather than decreases in the numbers of eosinophiles. 

These observations indicated that in order to determine a dose of ACTH 
which would induce eosinopenia it would be necessary to determine that 
amount of ACTH which would cause eosinopenia to persist for longer periods 
of time than would occur as a result of the action of nonspecifie stimuli. 
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Accordingly, mice were given varying doses of ACTH, and the numbers 
of circulating eosinophiles were determined at varying intervals thereafter. 
Total white blood cell and differential counts were studied to determine the 
effect of the hormone on the lymphocytes of the blood. 


MATERIALS AND METHODS 


White Swiss male mice of the Tumblebrook Farm strain, weighing 15 to 20 grams, 
were used throughout. A few observations were made on female mice of the same strain, 
and these agreed with the observations made on males. Groups of mice were injected with 
varying amounts of ACTH,* or with 2 per cent solutions of gelatin or human serum gamma 
globulin, All the test substances used were dissolved in saline and injected intraperi- 
toneally in a total volume of 0.5 milliliter. The mice were not disturbed again after the 
injection until the time when the blood counts were to be made, when the animals were 
anesthetized with ether and their tails amputated about 1 em. from the base, using a sharp 
razor blade. Free-flowing blood was thus obtained and found to have total leucocyte and 
eosinophile counts similar to those of the heart’s blood. Tail blood obtained more distally 
invariably gave higher counts than did the free-flowing and ventricular blood.4 

Cover-glass smears of the blood were stained by Wright’s stain and differential counts 
performed. 

Each mouse was used for a single observation because of the probability that the 
loss of even a small volume of blood represented a relatively large share of the total 
volume of blood of the mouse and hence would provide a stimulus of sufficient magnitude 
to make it undesirable to use the same animal again until the lost blood had been re- 
generated. 

Eosinophiles were enumerated by drawing the blood to the 1.0 mark in white blood 
cell counting pipettes and diluting 1:10 with the diluting fluid. The fluid was that of 
Speirs and Meyer except that the detergent Haemosolt was used instead of Alconox. 
Ordinary hemocytometers, which have counting chambers 0.1 mm. deep, were used, and the 
total number of eosinophiles in 1.6 cu. mm. was multiplied by the factor of 6.25 to give 
the absolute number of eosinophiles per cubie millimeter. Leucocytes were counted by the 
usual method. 

Each observation recorded is the mean of from six to thirty-seven observations, with 
the standard error cited for each mean. Where indicated, the significance of any given 
difference was determined by application of the ¢ test, and P values of less than 0.02 were 


assumed to be significant.6 
RESULTS 


When saline alone was injected intraperitoneally, there was a depression 
of the eosinophiles within two hours, followed by a rebound increase in the 
eosinophile count after four hours and then a return to the normal level 
within six hours (Table 1). The leucocyte count rose after two hours because 
of increased numbers of polymorphonuclear cells (Fig. 1), but after four 
hours the polymorphonuclear leucocytes had returned to nearly normal levels 
and lymphocytosis accounted for the increase in the total number of leuco- 
cytes. In contrast, four hours after the injection of 2.5 mg. of ACTH there 
was eosinopenia, leucopenia, lymphopenia, and absolute polymorphonuclear 
leucocytosis (Fig. 1). The polymorphonuclear increase disappeared within 
eight hours, whereas lymphopenia and leucopenia persisted for twelve hours. 
Kosinophile counts rose between eight and twelve hours. 


*The ACTH was supplied by Dr. John R. Mote, Armour Laboratories. All doses cited are 
n terms of the LA-1-A Standard. 


+Obtained from The Meinecke Co., New York 14, N. Y. 
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These findings confirm those of Dougherty and White*® and indicate that 
in mice the leucopenia induced by ACTH is due to lymphopenia. The use of 
the total leucocyte count as an indication of fluctuations in the lymphocyte 
count is of value particularly after six to eight hours from the time ACTH is 
injected, when the polymorphonuclear response has subsided. 
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ris. 1. 


The eosinopenia and leucopenia induced by 0.125 and 0.5 mg. of ACTH 
were not significantly greater than those produced by nonhormonal proteins. 
After the injection of gamma globulin and gelatin, significant decreases in 
eosinophile counts persisted for four hours after the former and six hours after 
the latter was given. Leucopenia was slight and transitory, except after the 
injection of gelatin, when it was more persistent. 

Repeated injections of 2.5 mg. of ACTH every twelve hours were admin- 
istered and eosinophile and leucocyte counts determined daily, twelve hours 
after the last previous injection. This relatively large dose of ACTH main- 
tained eosinopenia and leucopenia for four to five days, with eosinophilia 
appearing on the sixth day (Table II). Mice which received 2.5 mg. ACTH 
every twelve hours for six days uniformly lost weight during the period of 
administration of the hormone. Allowance was made for the release of edema 
fluid, which frequently collects during the administration of ACTH, by con- 
tinuing the observations for ninety-six hours after the administration of the 
hormone was discontinued. No toxic deaths were encountered in approximately 
one hundred mice which were given 2.5 mg. ACTH every twelve hours for 
six days. 
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TABLE II. EOSINOPHILE AND ToTaL LEUCOCYTE COUNTS IN MICE INJECTED WITH 2.5 MG. 
ACTH Every TWELVE Hovurs 


FOSINOPHILES T¢ TAL LEUCOCYTES 


NUMBER OF DAYS NUMBER OF MICE PER CU. MM. x 1,000 PER CU. MM. 
ilies Ti ; 10 LS + 0.9 ~ 92403 °° 
2 6 2.4+ 0.2 3a 206 
3 6 25.5 + 10.0 5.8 + 0.8 
4 8 50.8 + 7.8 40 + 05 
5 6 114 + 39.4 Di 2 ae 
+ 287 0:3 £ 16 


6 10 363 


Counts expressed as mean + standard error, 
1 


The counts in uninjected control mice are given in Table I. 


DISCUSSION 

These data demonstrate that in order to induce significant and reproducible 
leucoeytie responses to the administration of ACTH it is necessary to give as 
much as 2.5 mg. of the hormone every twelve hours. Preliminary studies have 
demonstrated that smaller doses given at more frequent intervals will maintain 
eosinopenia and leucopenia for longer periods of time than ean be induced by 
repeated injections of nonhormonal proteins. The convenience of the twelve- 
hour schedule to the laboratory worker is apparent. 

The mean leucocytie counts were lower than those reported by Dougherty 
and White, although the relative changes observed after the injection of a large 
dose of ACTH were similar. The difference is probably due to differences in 
the manner of collection of blood specimens, free-flowing blood giving lower 
and more reproducible values than relatively stagnant tail blood. The effects 
observed by Dougherty and White with 1 mg. of their preparation of ACTH 
were similar to those noted with 2.5 mg. of the hormone in these studies, and 
this suggests that the preparation used by Dougherty and White may have 
been more potent than the standard which is used for the assay of the hormones 
employed in these studies. 

The data suggest that the mouse has an unexpectedly high tolerance to 
the effects of ACTH. Whether this is a reflection of an innately higher 
threshold of action of ACTH or of cortical hormones in mice, or simply reflects 
the ready responsiveness of the mouse to nonspecific stimuli, is not clear at 
present. 

The data also suggest that laboratory experiments in which ACTH is 
administered to experimental animals cannot be considered conclusive unless 
evidence is presented to demonstrate that the doses of ACTH which are used 
are physiologically more effective than nonspecific stimuli involving injection 
and handling. 

SUMMARY 


Saline, gelatin, and human serum gamma globulin, administered intra- 
peritoneally into mice, induced significant eosinopenia and leucopenia for two 
to six hours. 

ACTH in doses up to 1.25 mg. did not induce more prolonged eosinopenia 
and leucopenia than did injections of nonhormonal-proteins. 
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A dose of 2.5 mg. of ACTH given intraperitoneally induced prolonged 
eosinopenia for eight to twelve hours and the administration of this amount 
of ACTH every twelve hours maintained significant eosinopenia and leucopenia 
for four to five days, after which tolerance to this dosage of ACTH began to 
appear. The leucopenia which was observed was due to lymphopenia. 

The data suggest (a) that mice may be unusually resistant to the effects 
of ACTH and (b) that experiments in which smaller doses of ACTH are used 
may not be valid unless it is shown by other means that the dose of ACTH used 
exerts a physiologic effect bevond that which would occur following the injection 
of nonhormonal proteins. 
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THE INFLUENCE OF ACTH ON THE COURSE OF EXPERIMENTAL 
INFLUENZA TYPE A VIRUS INFECTION 
CLAYTON G. Loosui, M.D., RicHarp B. Hutu, M.D., Byron S. BERLIN, M.D., 
AND E. RussELL ALEXANDER, B.S. 
CHIcAGO, ILL. 


INTRODUCTION 


IK profound influence of adrenocorticotrophic hormone (ACTH) on cer- 

tain physiologic mechanisms in man and experimental animals has been 
known for several years.’ Since Hench and associates? demonstrated the 
dramatic favorable effect of this hormone in the treatment of rheumatoid 
arthritis, numerous studies on its use in the treatment of a wide variety of 
illnesses have been reported.’ At the first clinical conference on ACTH, the 
influence of this hormone on the course of tuberculosis,** pneumococcal pneu- 


3b 


monia, primary atypical pneumonia,*” and poliomyelitis*° was described. Because 
of the favorable report of Finland and associates at this conference on the use 
of ACTH in the treatment of the pneumonias, it seemed important to evaluate 
it in the treatment of experimental air-borne influenza virus A infections with 
methods previously employed in this laboratory.* 


MATERIALS AND METHODS 


Swiss mice weighing from 12 to 18 grams were employed. In a given experiment suffi- 
cient animals were used to make certain observations concerning the effect of ACTH™* ‘on 
(a) the clinical course of influenza virus, (b) the growth of influenza virus in the lung, (c) 
the development of specific chicken red cell agglutination inhibition antibodies, and (d) the 
pathogenesis and pathology of the disease. 

Four experiments were carried out employing respectively 0.25, 0.50, 1.0, and 4.0 mg. 
daily doses. For each test the ACTH was prepared in buffered saline and stored in the deep 
freeze at -56° C. The amount needed for each day was removed and stored in an icebox 4° 
C, The ACTH solution was given in 0.1 ml. injections subcutaneously. In the first experi- 
ments two daily injections at twelve-hour intervals were given. In subsequent tests ACTH 
was given in three divided doses at approximately eight-hour intervals, At the same time 
the control mice were given 0.1 ml. of saline subcutaneously. The length of treatment was 
eleven days. 

Twenty-four hours after treatment began, the test and control mice were placed in 
wire cages and exposed at the same time in a 120 liter chamber for twenty minutes to an 
atmosphere containing nebulized influenza A virus (PRS8 strain). From 0.5 to 0.8 Gm. 
of a 10-4 dilution of mouse-lung suspension of virus was atomized into the chamber during 
a five-minute period in a given test. In the first three experiments it was calculated that 
the mice should inhale sufticient virus to kill from 50 to 80 per cent of the untreated ones. 

From the Preventive Medicine Section of the Department of Medicine, University of 
Chicago School of Medicine. 

This investigation was supported (in part) by a research grant from the National 
Institutes of Health, Public Health Service. 


Submitted for presentation at the Twenty-third Annual Meeting of the Central Society 
for Clinical Research, Nov. 3, 1950. 


Received for publication, Nov. 15, 1950. 
‘ *The ACTH was kindly supplied by The Armour Laboratories and consisted of three 
different lots—773, 74B, and 128-105R. The daily dosage was calculated as milliequivalents 
of the L or A Armour standard. 
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In the experiment employing a 4.0 mg. daily dose of ACTH, the mice were exposed for a 
shorter period of time to the virus atmosphere in order that the majority would survive. 

In a given test approximately eighty mice were employed in each group, test and 
control. Some were observed for the effect of ACTH on survival time. Others were killed 
for pathology. In the final experiments three animals from each group, test and control, 
were killed immediately after the béginning of treatment, just before virus inoculation, 
and at one, three, six, ten, fourteen, and twenty-one days after exposure to the virus for 
lung-virus titer and serum antibody determinations. 

The sera were collected by allowing the animals to bleed from the subclavian artery 
into a cul-de-sac formed by the chest wall and dissected skin. The blood was then im- 
mediately pipetted into small glass tubes. For each analysis the blood from the test and 
control animals respectively was pooled. The lungs were then removed aseptically, pooled, 
weighed, ground in a mortar with sterile sand, and a 20 per cent suspension was prepared 
employing nutrient broth containing 10 per cent horse serum. The virus titer was assayed 
by preparing tenfold dilutions of the lung-virus suspension and inoculating groups of three 
mice intranasally with each dilution. The assay mice surviving for ten days were then 
killed and the presence or absence of lesions was noted. Chicken red cell agglutination 
inhibition antibody determinations were done employing the Salk method.¢6 

For pathology, four mice each from the treated and untreated groups were sacrificed 
before inoculation (0 hour) and one, three, six, ten, fourteen, and twenty-one days after 
exposure to the air-borne virus. The lungs were fixed in situ by the intratracheal injection 
of Zenker-Formol solution.5 In Experiments III and IV additional tissues were taken 
for histologic study. They included adrenals, liver, kidney, spleen, thymus, and mesenteric 
lvmph nodes. One of the adrenals from each animal was fixed in Bouin’s solution, sec- 
tioned by the frozen technique, and stained with sudan III for fat. The remaining tissues 
were fixed in Zenker-Formol solution, sectioned by the paraftin technique, and stained 
with Maximow’s hematoxylin-eosin-azure II method.? 

In order to determine the response of the animals to ACTH in Experiments III and 
IV, white blood cell counts, differentials, and eosinophil counts were made on three mice 
each from the test and control groups by the method of Speirs and Meyers before they 
were sacrificed for virus titer and antibody determinations. Also, in Experiment IV blood 
sugar determinations were made by the micromethod in order to note possible changes 
due to ACTH treatment.* An additional group of uninoculated mice were given ACTH 
in order to determine its effect on the blood count, blood sugar, and adrenal fat in the 
absence of infection. 

RESULTS 

Regardless of the dosage employed in this study, the test mice appeared 
to be more active than the controls and in general lost more weight than did 
the untreated animals. 

Blood Counts.—The total white blood cell counts varied considerably from 
animal to animal within the test and control groups. An increase in the per- 
centage of polymorphonuclear leucocytes with a corresponding decrease in 
lymphocytes occurred in the test mice receiving 1.0 mg. or 4.0 mg. daily of 
ACTH. The total eosinophil count was lower in the test animals, but only in 
those receiving 4.0 mg. daily of ACTH were they absent after several days of 
treatment. 


The cellular changes occurring in the blood of animals receiving 4.0 mg. 
daily doses of ACTH are shown in Fig. 1. After two days of treatment there 
was a significant drop in the total white blood cells and a marked increase 
in the percentage of polymorphonuclear leucocytes compared with the findings 


*We are grateful to Dr. Richard Landau and staff for these analyses, 
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in the untreated animals. The eosinophil counts dropped in both the test and 
control mice up to six days after infection. At ten, fourteen, and twenty-one 
days when recovery from the infections had occurred, the eosinophil counts 
in the controls rose to the preinfection level, whereas at the end of fourteen 
days they were significantly lower in the test-animals (Fig. 1). In mice given 
4 mg. daily doses of ACTH but not infected, an increase in percentage of poly- 
morphonuclear leucocytes and a drop in the number of eosinophils occurred 
but there was no drop in the total white blood cell count. 
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Fig. 1.—Total white blood counts, per cent polymorphonuclear leucocytes, and total eosino- 


phil counts in ACTH treated and untreated mice during the course of influenza A _ infection. 
(Each point on the curves represents averages of determinations on three mice.) 


Effect of 4 mg. Daily Dose of ACTH on the Blood Sugar Level.—In Experi- 
ment IV blood was collected from the hearts of test and control mice approxi- 
mately two hours after the morning injection of ACTH. As shown in Table | 
there was no significant difference in the blood sugar levels of the mice re- 
ceiving ACTIL when compared with those of the untreated mice. Mice which 
were uninfected but treated with ACTH showed essentially the same blood 
sugar levels as did the treated but infected mice. The blood sugar values in 
the uninfected and infected control mice were also the same. No attempt 
was made to withhold food; therefore, these blood sugar values should be econ- 
sidered nonfasting although when the mice were ill with influenza (from 
three to six days after inoculation) they ate and drank very little. 

Gross and Microscopic Effect on the Thymus, Mesenteric Lymph Nodes, 
Spleen, Liver, and Adrenals.—In all four experiments employing different daily 
amounts of ACTH it was noted that there was a gradual decrease in the size 
of the thymus, mesenteric lymph nodes, and spleen compared to the size of 
these organs in the untreated animals killed at the same time. These changes 
were especially apparent in the animals which received 1.0 and 4.0 mg. daily 
doses of ACTH. No gross difference was noted in the liver and adrenal glands 
of the test and control animals, but these organs were not weighed, 
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Microscopically, there was no marked difference in the cellularity of the 
spleen, thymus, and lymph nodes in the test compared with those in the con- 
trol animals. Lymphocytes predominated but appeared somewhat less in the 
tissues of the test animals. Reaction centers in the follicles of lymph nodes 
and the spleens from the treated animals were especially prominent. Extra- 
medullary myelopoiesis was noted to the same extent in the spleens of both 
the treated and untreated mice. With the Maximow stain the liver and 
adrenals in the test and control mice appeared essentially the same. <A few of 
the treated mice showed extensive vacuolization of the liver cells. 

Effect of 4 mg. Daily Dose of ACTH on the Lipid Content of the Adrenal 
Gland.—In Fig. 2 are shown photographs of sections stained with sudan IT] 
of the adrenal glands of treated and untreated mice killed at one, six, ten, 
fourteen, and twenty-one days after inoculation when treatment was begun 
twenty-four hours earlier. The lipid material, which appears black in the 
photographs, varied in different animals killed at a given period. In the 
glands from the test animals (Fig. 2, A, B, and C) there was a gradual decrease 
in amount in the cells of the zona fasciculata during the course of treatment, 
so that after eleven days (Fig. 2, () it had disappeared from this zone and 
only a small amount was present in the cells of the zona glomerulosa. This 
was in marked contrast to the amount of lipid material in the cortex of the 
untreated animals (Fig. 2, F, G, and H) killed during this period of time. 
Four and eleven days after discontinuing treatment (Fig. 2, D and FE) increas- 
ing amounts of sudan III staining material again appeared in the zona fas- 
ciculata and by eleven days was essentially similar in amount to that seen 
in the adrenals of untreated animals (Fig. 2, 7 and J). The disappearance of 
lipid material from the zona fasciculata of the adrenal glands of ACTH treated 





but uninfected mice was also observed. Four days after cessation of treat- 
ment it was again present in moderate amounts. 

The Effect of ACTH on the Course of Influenza Virus Infection: Survival 
Rates.—Under the conditions of our experiments, ACTH did not influence favor- 
ably the course of air-borne influenza virus infections in mice as seen in Table IT. 
More of the animals in the treated groups died than did those in the control 
groups. In Experiment IV a smaller exposure to the air-borne influenza virus 
was purposely given so that the majority of the untreated mice would survive 
and allow any favorable effect of ACTH treatment to be more readily de- 
tected. Yet twice as many mice died in the test group compared to the number 
dying in the control group. 

Growth of Virus in the Lungs.—ACTIH treatment did not affect the 
growth of influenza virus A in the lungs of the test animals when compared 
to the amount detected in the lungs of the untreated controls. These data 
are shown in Fig. 3. The virus grew rapidly in the lungs of both the treated 
and untreated mice. Lung-virus suspensions of mice killed three days after 
infection (four days after treatment) killed the assay mice when inoculated 
intranasally under ether anesthesia with 0.05 ml. of 10-* dilution. Although 
the lung-virus content varied in the animals killed at one, three, six, ten, and 
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Fig. 2.—Low-power photomicrographs of sections ef adrenal glands of ACTH treated 
1nd untreated mice during course of influenza A infection. Frozen section, sudan III stain. 
x80. The mice were killed at two (A,F), seven (B,G), and eleven (C,H), days after begin- 
ning of treatment and four (D,J) and eleven (#,J) days after treatment was discontinued. 
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TABLE IJ. Errecr oF ACTH ON THE COURSE OF INFLUENZA VIRUS INFECTION AS NOTED IN 
THE SURVIVAL OF ANIMALS AT TEN DAYS 


DAY OF DEATH AFTER INOCULATION 
NUM 


BER OF l 2 3 4/95 | 6 7 8 9 |10 DEATHS SURVIVALS 

EXPERIMENT MICE NUMBER OF MICE DYING No. | % | NO. | & 
I Test ”» 0@6G66t(;«3 ssl 4 7 4 0 23 76 7 «23.4 
Control 30 (OO 0 0 0 I 3 5 6 2 3 20 66.6 10 33.4 

Il Test 5 0 0 0 0 3 7 «8 1% 8 & 55 1000 0 00 
Control 55 0 0 0) 0 0 3 1] 20 7 2 43 78.0 12 22.0 

11] Test so 0 0 0 Lf 12 11 9 2 35 636 20 ~ 36.4 
Control 55 0 0) 0 0 0) ] 6 12 4 4 27 49.0 28 51.0 

1v Tet |- ne eee Ss & 2 Ss fF 8 268 22 73.2 
Control 30) OO (0) 0) 0 0) 0 1 } 0 0 } 13.4 26 86.6 


ACTH daily dose: Experiment I, 0.25 mg.; Experiment II, 0.50 mg.; Experiment ITI, 
1.0 mg.; Experiment IV, 4.0 mg. 
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Fig. 3.—Lung virus titers (lower section) and antibody titer (upper section) of ACTH 
treated and untreated mice during course of influenza A infection. (Each assay in test and 
control series represents, respectively, pooled lungs and sera from three mice.) 
fourteen days, there was no essential difference in the amount in the lungs 
of the treated compared to control mice killed at these intervals after in- 
fection. 

Antibody Response.—Also shown in Fig. 3 (upper section) are antibody 
titers in the pooled sera of mice killed for lung-virus determinations. In each 
experiment CRC agglutination inhibition antibodies were present by the tenth 
day after infection. The level to which antibody levels rose in the test and 
control animals was essentially the same in any given experiment. 

Pathogenesis and Pathology.—Grossly, small pinpoint areas of consolida- 
tion could be seen in the lungs of both the treated and untreated animals 
killed three days after exposure to the air-borne virus. Those killed at six 
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days showed still larger areas of consolidation which were deep red in color. 
Such lesions usually involved a part or the whole of one or more lobes. Es- 
sentially, the same extent of consolidation was seen in the lungs of the treated 
and control animals killed ten days after inoculation. The lung lesions in both 
groups of mice killed after fourteen and twenty-one days of illness were less 
red and more atelectatic. Thus, a gross comparison of the influenza lesions in 
the lungs of the treated and untreated animals killed at increasing intervals 
after air-borne inoculation revealed no essential difference. 

Likewise, from the microscopic examination of the lungs the influenza 
inflammatory process was essentially the same in the treated and untreated 
animals. In the lungs of animals killed twenty-four hours after inoculation 
microscopic evidence of infection was difficult to recognize even though large 
amounts of virus were present as shown in the titration determinations in 
other animals (Fig. 3). At three days (four days after beginning of treat- 
ment), however, definite focal areas of inflammation were present in the test 
and control lungs as shown in Fig. 4, A and C respectively. In such areas there 
was extensive destruction of the bronchial epithelial cells and the bronchial 
walls were at some points infiltrated with leucocytes. The amount of exudate 
in the bronchi varied and consisted of degenerating bronchial epithelial cells, 
polymorphonuclear leucocytes, a few red blood cells, and serous precipitate. 
The alveolar walls were congested with red blood cells and leucocytes. The 
alveolar spaces contained varying numbers of leucocytes (lymphocytes and 
polymorphonuclear leucocytes) and serous precipitate. 

At six days the microscopic findings were essentially the same as those 
noted in the lungs of mice killed three days after inoculation. Under low- 
power magnification as seen in Fig. 5, A and C, the areas of consolidation could 
be distinguished easily from the uninvolved portion of the lungs of both the 
test and control animals. The bronchial lining cells showed extensive destrue- 
tion. The alveolar walls showed no necrosis but atelectasis was more pro- 
nounced. The alveolar exudate was more cellular and consisted principally 
of mononuclear cells, many of which were phagocytie. 

At ten days after inoculation (eleven days after beginning of treatment) 
some areas of involvement in the lung of both the treated and untreated ani- 
mals showed marked atelectasis and could not be re-expanded by the intra- 
tracheal injection of fixing fluid (Fig. 5,B and D). Microscopically this was 
shown to be due to the marked regeneration of the bronchial epithelial cells 
which obstructed the smail bronchioles and grew peripherally as a syncytial 
mass into the lumina of the collapsed alveolar ducts (Fig. 4, C and D). Such 
areas had the appearance of adenomatous nodules such as have been deseribed 
previously.» In these nodules the epithelial cells were hyperplastic and 
showed squamous cell metaplasia. On detailed microscopic examination no 
difference in these hyperplastic and metaplastic changes could be detected in 
the lungs of the test animals compared with those in the control animals 
(Fig. 4, C and D). 

In the lungs of the test and control animals killed fourteen and twenty- 
one days after inoculation (four and eleven days after stopping treatment) 
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Fig. 4. ‘High-power photomicrographs of lungs of ACTH treated (A,B) and untreated 
(C,D) mice killed at three and ten days after air-borne inoculation with influenza A _ virus. 
Hematoxylin-eosin-azure II stain. x 250. 
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the influenza inflammatory areas are characterized by marked atelectasis and 
alteration in the parenchymal architecture. Microscopically, as seen in Fig. 
6, A, B, C, and D, the lesions can be distinguished sharply from the uninvolved 
portions of the lungs. Nodular areas of epithelial hyperplasia were present in 
the lungs of both treated and untreated animals but appeared to be somewhat 
more pronounced in the lesions of the latter. 


DISCUSSION 

Under the conditions of these experiments ACTH exerted no beneficial 
effect on the course of experimental air-borne influenza in mice. On the other 
hand, it would appear that it was deleterious, as indicated in the higher mor- 
tality rates in the treated mice. The gross and microscopic findings in the 
lungs of the treated mice compared to those observed in the untreated mice 
were the same and agreed with previously reported studies employing the 
chamber technique of influenza virus inoculation.® * Likewise, there was no 
indication that ACTH altered the growth of virus in the lungs or the antibody 
response to the infection. 

Whether a favorable effect on the course of experimental influenza could 
have been achieved by longer treatment before exposure to the air-borne virus 
is doubtful. Studies on the effects of longer treatment before inoculation on 
the growth of virus and antibody response to infection and vaccination with 
influenza virus are in progress. 

In the first two experiments the lack of effect of ACTH on the course of in- 
fluenza could possibly be explained by the small amount given. In the experi- 
ments where 1.0 and 4.0 mg. daily doses of ACTH were employed, the cellular 
changes in the blood were observed which have been described by Dougherty 
and White'® *! as indicating adrenal activity. Particularly in the case of 
Experiment IV, the increase in percentage of circulating polymorphonuclear 
leucocytes, suppression of the total leucocyte count, and marked decrease in 
the number of circulating eosinophils would indicate that the amount of hor- 
mone given was adequate. Further indication that sufficient ACTH was given to 
produce a response in the host is the disappearance of the lipid staining ma- 
terial in the zona fasciculata of the adrenal cortex!" and the marked re- 
duction in the size of the thymus, mesenteric lymph node, and spleen in the 
treated animals.’° 

There was no difference in the blood sugar levels of treated and untreated 
mice when blood was drawn from the heart approximately two hours after 
the morning injection of 0.1 mg. ACTH. It would seem then that the changes 
in blood sugar values in ACTH treated mice cannot be employed as a guide 
to ACTH therapy in this animal. 


CONCLUSIONS 


ACTH given in daily doses of 0.25, 0.5, 1.0, and 4.0 mg. exerted an un- 
favorable effect on the course of experimental air-borne influenza A infections 
in mice. When treatment was started twenty-four hours before virus inocula- 
tion it had no effect on (a) the growth of virus in the lungs, (b) the antibody 
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response, and (c) the pathologie process in the lungs. That the 4.0 mg. daily 


dose was adequate was indicated by an increase in the percentage of poly- 


morphonuclear leucocytes, suppression of the eosinophils, and depletion of 


lipoid substance in the cortex of the adrenal gland in the treated animals. 
ACTH in 4.0 mg. daily doses did not alter the blood sugar values when com- 
pared to similar determinations in untreated mice. 


The authors gratefully acknowledge the technical assistance of Miss Mary A. MeCarthy 


and Miss Amaryllis Boyd. 
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LABORATORY METHODS 


HYPERBILIRUBINEMIA 
I. A Rapim SCREENING TEST FOR Its DETECTION 


CHARLES H, Wasnitz, M.S. 
LOUISVILLE, Ky. 


HE necessity for rapid detection of hyperbilirubinemia in a large number 

of blood donors at this hospital prompted an attempt to devise a simple, 
sensitive screening test for the detection of abnormal amounts of bilirubin in 
blood serum. 

This rapid screening test is based upon an adaptation for use with serum 
of the barium strip modification’ of Harrison’s test * as elaborated and applied 
by Watson and Hawkinson‘ for the detection and estimation of bilirubin in urine. 

Harrison’s test has been found* * to be as sensitive for detecting bilirubin 
as other commonly used tests including the diazo reaction. It is based upon 
oxidation of bilirubin by Fouchet’s reagent. The latter, which contains ferric 
chloride in trichloroacetic acid, affords a stable oxidizing agent with sufficient 
strength to convert bilirubin to the green biliverdin and possibly to the blue 
bilicyanin without danger of overoxidation to yellow choletelin. Godfried® 
found no false positive reactions with Harrison’s test when applied to urine. 
Hawkinson, Watson, and Turner’ believe that the barium used in the impreg- 
nated papers acts as a catalyst in the reaction. 

Watson® and Ducci,’ using the quantitative, spectrophotometric method of 
Malloy and Evelyn,® indicate that concentrations of up to 1.0 mg. bilirubin per 
100 ml. are normal for total serum bilirubin. Using the same method, Neefe 
and co-workers,’ in preinoculation studies on hepatitis due to injection of 
homologous blood products, found a normal range of 0.2 to 1.4 mg. bilirubin 
per 100 ml. serum, and Neefe and Reinhold’® state that at some time during 
infectious (epidemic) hepatitis, the serum in 88 per cent of thirty-four cases 
studied contained an abnormal concentration of over 1.4 mg. bilirubin per 100 
ml. serum. 

In the present work, a simple, paper strip, drop-reaction test has been 
developed which may be used to detect hyperbilirubinemia. This test has been 
found to be negative when the serum bilirubin concentration is less than 1.2 
mg. per 100 milliliters. It first becomes faintly positive at this concentration, 
it is definitely positive at 2.0 mg. per 100 ml., and the color intensity increases 
proportionately as the total serum bilirubin concentration increases. 
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METHOD 


A. Reagent and Impregnated Papers. 

1. Reagent: Directions in the literature for the preparation of Fouchet’s reagent vary 
slightly. Therefore, in order to standardize the present test, the reagent was prepared as 
follows: Dilute 10.0 ml. of a 10 per cent aqueous solution of ferric chloride to 100.0 ml. with 
25 per cent trichloroacetic acid in a volumetric flask. After thorough mixing, the resultant 
reagent is filtered through Whatman No. 42 filter paper. The final reagent is clear and 
has a yellow tinge of color. When kept in a dark brown bottle at room temperature, it is 
stable for at least six months. It may be dispensed from a dropper bottle. 

2. Impregnated Papers: Sheets of Schleicher and Schuell No. 470 analytical filter 
paper (14 cm. by 22 em.) are cut into pieces 50 mm. by 36 mm. in size. These 50 mm. by 
36 mm. papers are then immersed completely in a 35 per cent aqueous solution of barium 
chloride in a 100 ml. beaker at room temperature (25° C.) for five minutes. They are then 
removed separately with forceps. The excess solution is allowed to drain off in each in- 
stance and the papers are individually laid horizontally across two pieces of glass tubing 
placed parallel about one inch apart. After five minutes in this position the papers are 
turned over on their opposite sides and again placed across the tubing. They are then 
allowed to air-dry at room temperature overnight. (Oven-dried papers are less sensitive 
since they apparently absorb rather than adsorb the pigment.) Strips 50 mm. long and 
6 mm. wide are cut from the dried, impregnated papers. These strips are then ready for 
immediate use and are stable indefinitely if kept in an air-tight container. 

B. Technique of the Test——One drop (approximately 0.05 ml.) of serum is placed upon 
the center of a 50 mm. by 6 mm. barium chloride-impregnated paper strip. This may be 
added from a pipette or from a dropper, the tip of which is not allowed to touch the paper 
but is held about 1 em. directly above it when adding the drop. One-half minute after the 
serum is added, 1 drop of the reagent is placed, in the same way, directly on the drop of 
serum adsorbed on the center of the paper strip. One-half minute after the addition of 
the reagent the test is read for color. In the present work, an attempt was made to 
standardize the illumination used. A 60 watt, frosted, electric light bulb in a reading lamp 
placed about 12 inches directly above the paper strip proved to be best. Daylight may also 
be used but fluorescent light or bright sunlight should be avoided since they lessen the 
sensitivity of the test. A positive test is indicated by a blue-green color on the strip in 
the area where the serum and the reagent were added. If no blue-green color results, the 
test is negative. Even the very faintest appearance of blue-green color should be read 
as positive. The blue-green color obtained is transitory and fades out after several minutes 
except when a high bilirubin concentration is encountered. The test should be performed 
as soon as possible after the blood is drawn, preferably within two hours. The standardized 
conditions given here should be adhered to for results comparable to those herein reported. 


EXPERIMENTAL 

Preliminary tests showed that a blue-green color was given with the present 
drop-reaction, paper strip test by jaundiced sera, whereas no such color resulted 
with sera from normal volunteers. Futher work revealed that this paper strip 
test was negative when the indirect Van den Bergh test’! was normal. Five 
hundred comparative tests on serum from Red Cross blood donors at this hos- 
pital showed a 100 per cent correlation between the indirect Van den Bergh 
test and the paper strip test. 

In order to acquire more accurate data, serum bilirubin determinations 
were made according to the method of Malloy and Evelyn.’ From 164 blood 
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donors an average concentration of 0.42 mg. bilirubin per 100 ml. serum was 
found with an average range of 0.16 to 0.89 mg. per 100 milliliters. In this 
series the paper strip test was negative in each instance. 

One case out of a total of more than 700 blood donors tested gave a positive 
paper strip test. The bilirubin concentration in this case by the Malloy and 
Evelyn method was 2.1 mg. per 100 ml. serum. Upon further investigation this 
donor was found to have a cephalin cholesterol flocculation of one plus/two 
plus, a thymo] turbidity of 1.5 units, and an icterus index (acetone method) 
of 12 units. The Harrison spot test for bilirubin in the urine was negative. 

Krom fifty-two serum bilirubin determinations on hospital patients, con- 
centrations of which ranged from 0.1 mg. to 23.3 mg. per 100 ml., it became 
evident that the paper strip test is negative when the bilirubin content is about 
0.9 mg. per 100 ml. or less and becomes definitely positive at 2.0 mg. per 100 
ml. or more. Experiments were therefore set up using icteric serum diluted 
serially with normal, nonicterie serum in order to obtain concentrations between 
the critical range limits (0.9 to 2.0 mg. per 100 ml.). 

In each experiment an attempt was made to prepare a series of serum solu- 
tions which contained known concentrations of bilirubin within the eritieal 
range with a difference between each solution of about 0.1 mg. per 100 milliliters. 
The bilirubin concentration of pooled, normal serum and that of pooled, icteric 
serum were first determined. With these two concentrations known, aliquots 
of the pooled, icteric serum were appropriately diluted with pooled, normal 
serum to give the series of bilirubin concentrations wanted. Immediately after 
these dilutions were made, the actual bilirubin concentration of each serum 
solution was determined in duplicate by the method of Malloy and Evelyn using 
a Coleman Universal spectrophotometer. Chemicaily pure bilirubin was used 
to prepare the standard used in each series. The paper strip test was performed 
simultaneously, in duplicate, on each serum solution and the results of the two 
tests were then compared. 

Data obtained from ten such series of experiments comprising some 100 
individual bilirubin determinations gave conclusive evidence that the present 
paper strip test is negative with serum bilirubin concentrations of less than 1.2 
mg. per 100 milliliters. It is at this concentration that the first perceptible blue- 
green color appears. As the concentration of bilirubin increases, the depth of 
color increases proportionately. 

In order to ascertain the specificity of the paper strip test, some commonly 
used drugs were tested qualitatively with the reagent in contact with the im- 
pregnated paper strip. No color interference resulted with the following: 
atropine sulfate, atabrine, barbital, caffeine citrate, codeine sulfate, dilaudid 
HCl, morphine sulfate, quinine sulfate, strychnine. 

Colors other than the blue-green test color resulted from the following: 
acetanilid, orange; apomorphine HCl, rose red; bromide, orange; thiocyanate, 
red brown; antipyrine, wine red; phenacetin, pink. Salicylic acid yielded a 
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purple color which quickly faded and disappeared entirely upon addition of 
excess reagent. Sodium salicylate yielded a dark, purple color, while sodium 
acetyl salicylate gave no color. 

In summary then, it may be stated that of the commonly used drugs tested, 
only the salicylates may possibly yield false positive colors. Pink, red, or 
brown colors may indicate presence of certain other drugs. No false positive 
paper strip tests were encountered, however, during the course of a two-year 
study comprising more than 700 tests made on blood donors and hospital patients. 

Work is now in progress to use the present paper strip test in the develop- 
ment of a simple, rapid, semiquantitative method for estimating the extent of 
hyperbilirubinemia. 

SUMMARY 

A paper strip, drop-reaction test is described which affords a simple, direct, 
dependable screening test sufficiently sensitive to detect hyperbilirubinemia. 

The test can be done on 1 drop of serum in one minute. The technique is 
simple, the easily prepared reagents and paper strips are stable, and no 
elaborate equipment is required. 


REFERENCES 





1. Hawkinson, V., Watson, C. J., and Turner, R. H.: A Modification of Harrison’s Test 

for Bilirubin in the Urine Especially Suited for Mass and Serial Usage, J. A. M. A. 
129: 514, 1945. 

2. Harrison, G. A.: Chemical Methods in Clinical Medicine, London, 1937, J. & A. 
Churchill, Ltd. 

3. Godfried, E. G.: Clinical Tests for Bilirubin in Urine, Biochem. J. 28: 2056, 1934. 

4. Watson, C. J., and Hawkinson, V.: Semiquantitative Estimation of Bilirubin in Urine 
by Means of the Barium-Strip Modification of Harrison’s Test, J. LAB. & CLIN. 
MED. 31: 914, 1946. 

5. Foord, A. G., and Baisinger, C. F.: Comparison of Tests for Bilirubin in Urine, Am. 
J. Clin. Path. 10: 238, 1940. 

6. Watson, C. J.: Studies of Liver Disease With Correlation of Clinical Features and 
Liver Function Tests, Wisconsin M, J. 43: 1033, 1944. 

7. Dueci, H.: Contribution of the Laboratory to the Differential Diagnosis of Jaundice, 
J. A. M. A. 135: 694, 1947. 

8. Malloy, H. T., and Evelyn, K. A.: The Determination of Bilirubin With the Photo- 
electric Colorimeter, J. Biol. Chem. 119: 481, 1937. 

9. Neefe, J. R., Stokes, J. Jr., Reinhold, J. G., and Lukens, F. D. W.: Hepatitis Due to 
the Injection of Homologous Blood Products in Human Volunteers, J. Clin. In- 
vestigation 23: 836, 1944. 

10. Neefe, J. R., and Reinhold, J. G.: Laboratory Aids in the Diagnosis and Management 
of Infectious (Epidemic) Hepatitis, Gastroenterology 7: 393, 1946. 

11, Van den Bergh, A. A. H.: Diazo Test for Bilirubin in Blood, Presse méd. 29: 441, 1921. 














AN EASILY CONSTRUCTED APPARATUS FOR PREPARING 
ULTRAFILTRATES 


LELAND C. CLARK, JR., PH.D. 
YELLOW SPRINGS, OHIO 


9 THE preparation of ultrafiltrates for analytic or biologie work, one must 
foree large volumes of solution through cellophane, or similar membranes, 
under pressure. The problem of supporting such fragile membranes, under the 
pressures required and without occluding a large fraction of the filtering surface 
by the supporting medium, has been attacked by several investigators. Such 
membranes have been supported on perforated metal plates,’:? or tubes,*® on 
surfaces of glazed porcelain,* fine wire gauze, * '* and dises of sintered glass.’ 

Geiger® held a cellophane membrane between perforated metal plates and 
used reduced pressures to prepare ultrafiltrates of blood in vivo; no data are 
given on the filtration rate but it is apparent that it must have been rather low. 
Malinow and Korzon® placed cellophane tubes inside of Nylon tubes, clamped 
them in place between stainless steel bars, and placed these filtering units into 
cylindrical vacuum chambers. This apparatus was capable of filtering about 
60 ¢.c. per hour per 400 sq.em. of cellophane surface with a filtering pressure 
of 800 mm. Hg. 

Ultrafiltration apparatuses using high pressure to foree liquid through 
special membranes of small area are available commercially but they are rela- 
tively expensive and are primarily designed for recovery of the nonultrafilterable 
material. 

In addition to the problem of membrane support is the problem of block- 
ing. Ferry’? has pointed out, in an excellent review, that blocking is minimized 
by using low filtration pressures, thin membranes, low initial concentrations of 
the filtering medium, and by eliminating gross foreign particles. 

The apparatus described here consists, in principle, of relatively large areas 
of cellophane separated by sheets of a rayon-base filter paper having mainly 
unidirectional fibers. Rubber gaskets are used to build up the various com- 
partments for holding the solution to be filtered and collecting the filtrate. A 
positive pressure of about 1 atmosphere is used for filtration. 

Apparatuses, somewhat similar in appearance but designed for dialysis, 
or electrodialysis, have found extensive use in industry."' An ingenious model 
has been described recently by Skeggs and Leonards’? for laboratory work. 


APPARATUS 


Various models and sizes of the filter have been in use in this laboratory over a period 
of about two years. The dimensions of the apparatus can be varied readily to meet the 
needs of a particular problem. For micro-scale work, a filter using ordinary canning jar 
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rubbers for gaskets has been used, the tabs on these gaskets being punched with holes to 
conduct the solution to be filtered into the apparatus. A filter consisting of 3 em. wide 
gaskets 31 cm. square and having, when assembled as a nine gasket filter, an effective filtering 
surface of 5,400 em. has proved very useful for large-scale ultrafiltration. The apparatus 
which has been most generally useful in the laboratory, however, is 15 em. square, with 


gaskets 2 cm. wide, leaving, therefore, an 11 cm. square effective filtering area. 





+Air 
pressure 








End plate 15 gauge needle End plote 


tubing 
DIAGRAM OF ULTRAFILTER 











Fig. 1.—Diagrammatic sketch of the pressure ultrafilter showing (A) general view of apparatus, 
(B) method of clamping, and detailed ‘‘exploded’’, view of the construction of the filter. 


The basic design of such filters is shown in Fig. 1. The end plates are best constructed 
of 14 in. chrome-plated brass plates, although aluminum or even Plexiglas has been used. 
A sheet of polyethylene film may be placed between the end plates and the gasket to prevent 
contamination of the filtrate by the metal. The gaskets are cut from 1% in. neoprene sheet 
and after cutting are equipped with pieces of 15 gauge needles as shown in the drawing. 
Ordinary syringe needles are inserted and after insertion the points are ground off with a 
small stone so that any sharp edges which would protrude into the central part of the gasket, 
and perhaps tear the cellophane, are eliminated. Short pieces of fine polyethylene tubing 
may be used in place of the needles if contact with metal must be avoided; in this case, 
small holes must first be drilled in the rubber. After assembly, the rubber gaskets are 
cleaned well and preferably, though not essentially, coated with silicone (Dri-Film No. 9987, 
General Electric Company). 

In the center of the filtration gaskets are placed three or four sheets of a rayon-base 
filter paper (Sparkler Filter Company, Mundelein, Ill.) which serves superbly to separate 
the cellophane sheets, when they are under pressure during operation, and to provide numerous 
longitudinal pores for the escape of the ultrafiltrates. This type of filter paper when wet 
tends to expand more in the direction of the fibers than across the fibers; it is best, therefore, 
to take this into account when cutting the paper or to cut the paper to size while it is wet. 
Such paper separators may be used repeatedly since they can be washed and dried much like 
cloth. In order to facilitate the flow in filters having a large surface, a piece of plastic or 
stainless steel screen may be placed between the sheets of paper. Many other materials such 
as glass cloth, ordinary filter paper, glass beads, polyethylene cloth, and so on were tried as 
separators but none worked nearly as well as the rayon-base paper described. 

The cellophane of choice, consisting essentially of a-cellulose, glycerine, and water, is 
that supplied by the DuPont Company as ‘‘300 PUT-71’’ in 25 Ib. rolls of 24 in. width. 
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After the apparatus has been assembled by stacking the various units, one after the 
other, on the end plate, a sharp probe is introduced through the holes shown at the top of 
the gaskets in Fig. 1 so as to pierce the cellophane at this point for subsequent admission of 
the solution to be filtered. The top end plate is then put in place and the whole is clamped 
together by ordinary ‘‘C’’ clamps. The tubing from the container holding the solution to be 
filtered is then connected and pressure is slowly increased up to 20 pounds per square inch. 
The pressure should be alternately applied and released several times, or until all the trapped 
air has bubbled back into the pressure bottle. The filter should be suspended as in Fig. 1, 4, 
to facilitate this process. The use of nitrogen gas for pressure is recommended for the 
filtration of certain labile biologie compounds. 

The filtration rate of water at one atmosphere pressure through cellophane of this type 
is about 75 c¢.c. per hour per 1,000 square centimeters. Filtration rates are somewhat affected 
by the nature of the solution being filtered. A filter having a total of five gaskets with an 
effective filtering area of 484 sq. em. produces ultrafiltrate of plasma at about 15 c¢.c. per 
hour or 31 ¢.c. per hour per 1,000 em.2 at 4° C., 
about half as fast at 4° C. as at 37° C13 


Filtration of water through cellophane is 


The ultrafiltration apparatus, completely assembled, may be sterilized by autoclaving. 
It has been shown15 that autoclaving for twenty minutes at 120° C. causes essentially no 
change in the porosity of cellophane. 

The ultrafilter design described enables one to utilize the many advantages of cellophane, 
among which may be mentioned its uniformity, availability, ready conversion with zine chloride 
to membranes of graded permeability,15. 16 general lack of adsorbent properties,!3 and freedom 
from factors which disturb the ‘‘sieving effect.’ ’10 


SUMMARY 


An ultrafilter, easily constructed from materials available in the laboratory, 
is deseribed. It consists of a series of rubber gaskets and sheets of cellophane 
which, when clamped together, alternately provide chambers for the fluid to be 
filtered and for collection of the ultrafiltrate. Sheets of a rayon-base paper, 
placed within the filtrate collection gaskets, serve ideally to separate the sheets 
of cellophane without materially occluding its filtering surface. <A series of 
holes punched in the gaskets serves to conduct the fluid along the edge of the 
gaskets, while syringe needles serve to transmit the fluid from the holes to the 
lumen of the gaskets. Similarly placed needles in alternate gaskets provide 
for escape of the ultrafiltrate. Filtration is conducted at about 1 atmosphere 
pressure. The basic design may be applied in the construction of filters having 
filtering surfaces anywhere from 5 to 10,000 square centimeters. 

The author is indebted to Miss Catherine Winkler for the data reported on the use of 
the filter for plasma filtration and to Dr. Frank Gollan and Dr. Lester W. Sontag for en- 
couraging this research. Mr. and Mrs. Sergius Vernet supplied financial assistance. Dr. C. 
L. Blair of the DuPont Company provided us with the cellophane used during the development 
of the filter. 
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AN IMPROVED ULTRAFILTER FOR THE CONCENTRATION OF 
URINARY GONADOTROPIN 
A. ALBERT AND DANA A. ROGERS 
ROCHESTER, MINN. 


HE purpose of this paper is to deseribe an improved ultrafilter for use 

in the clinical bio-assay of urinary gonadotropin. The concentration of 
urinary gonadotropin by ultrafiltration was suggested by the work of Gorb- 
man (1945) and applied intensively to clinical material by Jungek, Maddock, 
and Heller (1947).2. The advantages of preparing urinary gonadotropin by 
ultrafiltration, as contrasted with precipitation as by the addition of alcohol, 
acetone or tannic acid, have been clearly and amply shown by Jungek, Mad- 
dock, and Heller. However, the ultrafilter designed by Gorbman is eumber- 
some, considerable strength and time being required to effect a leakproof 
closure of the apparatus. Because of these disadvantages, we have designed 
an ultrafilter which can be assembled and disassembled easily and quickly. 

The apparatus consists of three portions: (1) a stainless steel tank, (2) 
a filter-retaining element, and (3) a clamp which brings the first two parts 
together in an airtight seal. The tank is a stainless steel chamber (7 inches 
high and 5% inches inside diameter). Two openings are placed in the top 
of the chamber, one for the transmission of compressed air at 80 pounds 
pressure and another for filling the tank with urine. The compressed air inlet 
plug is so constructed that the valve in the transmission line when attached to 
the plug of the chamber by a twist is automatically opened and, when re- 
moved from the tank, automatically closed. The opening for the admission 
of urine is sealed with a stainless steel screw cap in which an 0 ving is placed. 
It is necessary only to tighten the serew cap lightly by hand, and as the 
pressure is applied, the resulting expansion of the 0 ring gasket forms an air- 
tight seal. The bottom of the chamber has a flange 634 inches in diameter, the 
outer edge of which is beveled at 45 degrees. An 0 ring is situated in a groove 
near the periphery of this flange. The outer diameter of the 0 ring is % inch 
smaller than that of the filter material on which the 0 ring rests. As in the 
ease of the stainless steel cap, the expansion of this 0 ring by the pressure in 
the fully assembled apparatus forms an airtight seal. 

The filter-retaining element consists of a stainless steel plate, in the center 
of which is an opening for the outflow of urine. Its surface is machined to 
fit flush with the bottom portion of the stainless steel chamber. It is also 
machined on the inside to receive the perforated brass plate which serves as a 
support for the filter element. The filter element is a porous disk of sintered 
brass (oilite MH 28, Chrysler Corporation, Detroit, Mich.). The diameter of 
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Fig. 1.—Disassembled filter retainer and clamp. The clamp shown in the upper left 
corner is a split-hinged clamp, closure of which is effected by a single nut. The filter retainer 
is shown in the upper right corner. A single outflow opening, two dowel pins of unequal size, 
and a shouldered recess to contain a perforated brass plate are to be noted. The perforated 
brass plate (lower right) is placed in the filter retainer, and the oilite filter disk (lower left 
corner) is placed on top of the brass plate. 





Fig. 2.—Apparatus in use. Four stainless steel tanks are mounted in trunnions and 
attached to a compressed air line by separate connecting rubber hose terminating with alemite 
automatic-type hose couplings which automatically close the air line when disconnected. When 
the hose is connected to the inlet plug of the tank, the inlet valve is automatically opened, 
thus allowing the transmission of air pressure to the tank. At the extreme left is the apparatus 
as it appears unassembled. The filter retainer is held on a wooden block. When covered with 
a cellophane disk the retainer is raised to the tank and guided to position by means of the two 
dowel pins. A tripod is slipped under the container to hold it in place (extreme right), and 
a split-hinged clamp is slipped over the V-shaped surface formed by the union of the two 
flanges on the tank and the filter retainer and is tightened by means of a slip pin nut. The 
apparatus in operation is shown second from left. 
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the filter element is 534 inches. The filter-retaining element has two dowel 
pins of unequal diameter which fit into corresponding holes in the bottom of 
the tank. The outside surface of the filter-retaining element is also beveled at 
45 degrees. When the filter-retaining element is placed against the 0 ring, 
which projects 0.008 inch from its groove in the bottom of the tank, the two 
beveled surfaces form a V. 

The clamp is made of stainless steel and beveled on its inner surface to em- 
brace the V-shaped surface made by the union of the bottom of the tank and 
the filter-retaining element. The clamp is tightened by means of one screw. 

For assembly, a disk of filter paper is placed over the assembled filter re- 
tainer. A 2 per cent cellophane disk prepared according to Gorbman is then 
placed over the filter paper. The element is then placed against the bottom 
portion of the tank by insertion of the dowel pins in their respective holes and 
is held in place against the tank by means of a tripod. The clamp is then 
slipped over the two elements and tightened. Urine is poured into the tank 
with the aid of a funnel, and the screw cap is closed lightly by hand. The air 
pressure line is then inserted, and ultrafiltration begins within a few seconds. 
After ultrafiltration is completed, the apparatus is disassembled in reverse 
order, and the cellophane membrane containing the urinary gonadotropin 
is prepared for assay. The apparatus can be assembled or disassembled in less 
than one minute. The apparatus and its component parts in various stages of 
assembly are shown in Figs. 1 and 2. 
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A METHOD FOR EVALUATING ADRENERGIC BLOCKING ACTIVITY 
GRAHAM CHEN, Sc.D., M.D., AND Davin Russe, M.S. 
Detroit, MIcn. 


HE adrenergic blocking activity of a substance is commonly determined 

by the suppression or reversal of the vasopressor effect of epinephrine in 
an anesthetized cat or dog. Recently, use has been made of the ability to pro- 
tect against the lethal toxicity of epinephrine in mice as a measure of adrener- 
gic blocking poteney.' Insofar as the acute lethal action of epinephrine is not 
entirely understood, the antagonism on the vascular response to epinephrine 
appears to be a more specific reaction. In order to provide a simple and rapid 
procedure depending on a vascular response whereby results may be obtained 
in a large number of unanesthetized animals in one test, we have devised the 
following method for the appraisal of adrenergic blocking activity. It is based 
upon the inhibition of local vasoconstricting action of epinephrine. The vaso- 
constricting effect is measured by the time of delay in onset of convulsions 
produced by strychnine, the absorption of which is retarded when it is injected 
together with epinephrine intramuscularly. The results obtained with a num- 
ber of adrenergic blocking substances by this method and by the method of 
epinephrine reversal of blood pressure are presented in this report. 


MATERIALS AND METHODS 


Sprague-Dawley rats of the same sex weighing between 120 and 180 grams were used. 
The test compound in solution or suspended in gum acacia was administered perorally to 
rats that had been fasted for sixteen hours. Forty-five minutes later, strychnine (10 mg. 
per kilogram) in 1 to 200,000 l-epinephrine solution was injected intramuscularly into the 
hind leg. The rats were then observed for the time of onset of convulsions. Two sets of 
controls, one injected with strychnine alone and the other with strychnine plus epinephrine, 
were carried out concomitantly. In screening compounds for adrenergic blocking activity, 
five animals were used for each dose level; for quantitative studies twenty or more rats per 
dose were used. 

The adrenergic blocking activity of a compound is expressed in terms of the per- 
centage difference in convulsion times by the ratios (average convulsion time of controls 
with strychnine plus epinephrine - average convulsion time of treated rats with strychnine 
plus epinephrine) x 100/(average convulsion time of controls with strychnine plus epi- 
nephrine - average convulsion time of controls with strychnine only). The results obtained 
with five anima!s per dose level are not treated statistically. In place of numerical values, 
the adrenergic blocking potency is indicated by a rating system of 1+, 2+, 3+, and 4+ for, 
respectively, 21 to 40 per cent, 41 to 60 per cent, 61 to 80 per cent, and 81 to 100 per cent 
inhibition of epinephrine vasoconstriction, by granting that an average difference of less 
than 20 per cent is within experimental variation. 

Epinephrine reversal of arterial blood pressure was carried out in dogs under pento- 
barbital anesthesia. The test compound was injected intravenously into the femoral vein. 
Five and thirty minutes later the reversal effect was determined by an intravenous dose of 


2 ug per kilogram of /-epinephrine. 
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RESULTS 
Preliminary experiments were conducted to work out a desirable dose of 
strychnine and the concentration of epinephrine for the testing procedure. It 
was found that with a convulsive dose of strychnine, the logarithms of increase 
of convulsion times and the logarithms of concentrations of epinephrine are 
linearly related. Convulsions from a low dose of strychnine may be prevented 
by giving it with a high concentration of epinephrine. Ten milligrams per 
kilogram of strychnine nitrate (about five times the LD,, dose) in 10 ¢.e. of 1 
to 200,000 epinephrine solution was found to produce convulsions in all ani- 
mals within approximately one hour. Consequently, these quantities of stryeh- 
nine and epinephrine were used as challenging doses for determining the activ- 
ity of adrenergic blocking compounds. 
In Table I are presented results obtained with the screening procedure in 
rats and by epinephrine reversal of blood pressure in dogs for a number of 
adrenergic blocking compounds, peripheral vasodilators, central nervous stim- 


TABLE I, COMPARISON OF ADRENERGIC BLOCKING ACTIVITIES BY INHIBITION OF 
VASOCONSTRICTION AND BY EPINEPHRINE REVERSAL OF BLOOD PRESSURE 
a B 
COMPLETE RE- 
ie | VERSAL OF 
BLOOD PRES- 
SURE TO 2 uG./ 


INHIBITION OF LOCAL VASOCONSTRICTION KG, EPINEPH- 
(10 MG./KG, STRYCHNINE.NO,. 1-200,000 EPINEPHRINE ) | RINE 
oa =! MG./KG. 
COMPOUND | (ORAL) | RATING | MG./KG. (1.V.) 
1. N-(2-chloroethyl)-N-ethyl benzhydrylamine HC] (SY-2) 1.25 4+ 15.0 
0.65 34 
2. N-(2-chloroethyl)-N-ethyl-9-fluorenamine HCl (SY-21) 5.0 44 1.5 
2.5 2+ 
3. N-(2-bromoethyl]) -N-ethyl-1-naphthalenemethylamine 1.25 4+ 0.75 
HBr (SY-28) 0.65 3+ 
4, 2-(2-Biphenylyloxy ) ethyl-2-chloroethyl-n-butylamine 50.0 2+ 5 
HCl (SY-30) 25.0 ae 
d. N,N-dibenzyl-8-chloroethylamine (Dibenamine) 25.0 4+ 15 
5.0 3+ 
6. 2-Piperidinomethyl]-1,4-benzodioxan (933F) 50.0 4+ 20 
25.0 3+ 
7. Yohimbine HCl : 12.5 4+ ] 
2.0 3+ 
8. Ergotamine tartrate 25.0 34 a 
5.0 3s 
9, 2-Benzyl-2-imidazoline HC] (Priscoline) 50.0 }- 5 
10. N-[N-(4,5-dihydro-2-imidazolylmethy! ) -p-toluidine | 5.0 4. l 
phenol H,PO, (C7337) 2.5 he 
11. NaNO, 50.0 2+ : 
25.0 0 
12. Acetyl-8-methylcholine (Mecholy]) 12.5 0 . 
13. Histamine phosphate 50.0 0 = 
14. N-isopropyl arterenol 5.0 0 3 
15. Caffeine 50.0 0 a 
16. Pentamethylenetetrazol 50.0 0 - 
17. Pentobarbital Na 12.5 0 a 
18. 1-Propyl-5-phenyl hydantoin 12.5 0 e 





We are indebted to Dr. R. Fleming and Dr. G. Rieveschl of Parke, Davis & Company for 
the supply of SY-2, SY-21, SY-28, SY-30, Dibenamine, and 933F, and to Dr. Pr. Voahenen 
of Ciba Pharmaceutical Products, Inc., for Priscoline and C7337. 
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ulants and depressants. It is seen that the relative adrenergic blocking poten- 
cies as determined by the two indicators are in good agreement for most com- 
pounds. Discrepancies are shown in the potencies of SY-2 and ergotamine. 
The former is more effective in antagonizing the local vasoconstriction than in 
producing epinephrine reversal, which is in aeeord with our findings for SY-2 
on vasosuppression versus reversal of blood pressure to epinephrine. A moder- 
ate adrenergic blocking activity was obtained for ergotamine by the loeal 
epinephrine vasoconstriction test. This could not be demonstrated by epineph- 


9° 


rine reversal in pentobarbitalized dogs.2, Among the peripheral vasodilators 
given in maximal tolerated doses, only sodium nitrite counteracted the epineph- 
rine vasoconstriction. Caffeine and pentamethylenetetrazol (central nerv- 
ous stimulants) and pentobarbital and 1|-propyl-5-phenyl hydantoin (central 
nervous depressants) in nontoxie doses were found not to interfere with the 
test by the time of onset of strychnine convulsions. 

To examine further the accuracy and specificity of the present method for 
evaluating adrenergic blocking activity, experiments were conducted using 
twenty animals per dose, challenging both with strychnine alone and with 
strychnine plus epinephrine. The data so obtained and tested by the signifi- 
eance of difference of means are given in Table II. As judged by the “t” or 
“P” values, yohimbine higher than 2.5 mg. per kilogram produces both a vaso- 
dilating (shown by the difference of convulsion times with strychnine alone) and 
an adrenergic blocking effect (by the convulsion time with strychnine plus 
epinephrine). The results with sodium nitrite reveal further that the apparent 
vasodilating effect is greater when determined against epinephrine-induced 
vasoconstriction than without epinephrine. In the evaluation of adrenergic 
blocking agents by antagonism of epinephrine-vasoconstriction, therefore, their 
vasodilating action should also be taken into consideration. The prolongation 
of survival time by pentobarbital sodium evidently is due to its central nervous 
depressive effect. The same mechanism appears to be the case in the influence 
of acetyl-8-methylcholine and pentamethylenetetrazol, a postdepression follow- 
ing central nervous stimulation. A substance having a central depressive 
action may thus mask its adrenergic blocking property by this test. The 
adrenergic blocking compounds so far tested are not hypnotic or central nerv- 
ous stimulating agents in nontoxie dose levels. 


In the last column of Table II are given experimental variations caleulated 
from the standard errors of individual means used in computing the percent- 
age inhibition. As was to be expected, the variation is greater for a larger 
mean convulsion time. Occasionally the time of onset of convulsion of one 
stock of rats differs considerably from the mean values usually obtained. This 
is especially so for animals receiving strychnine with epinephrine. As a rule 
it takes longer to bring on convulsions in larger and older animals than in 
smaller ones receiving a dose of strychnine on the basis of body weight. How- 
ever, the difference in the mean convulsion times of the various stocks of rats 
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is immaterial; so far the activity of an adrenergic blocking compound is ex- 





pressed in terms of percentage inhibition and the determinations are made in 







the same stock of animals for controls. 

In all these experiments the time of death was also recorded. Most 
strychninized rats died in one to two minutes after convulsions had occurred. 
The differences between convulsion time and lethal time are within experi- 
mental errors. With small doses of strychnine or higher concentration of 
epinephrine, on the other hand, animals usually die long after the onset of con- 
vulsions. There is thus a greater variation in the time of death than in the 
time of onset of convulsions. The convulsion time is preferred as the end point 
in the testing procedure. Instead of the time response, a quantal response in 
lethality has also been investigated. When using the quantal response, a close 
observation for the time of onset of convulsions is not necessary ; thus it would 
be more convenient than the time procedure for screening adrenolytie com- 
pounds. However, the experimental variations are much greater. 

In Table III are given results obtained with strychnine and B-hypophamine 
(Pitressin*) for the purpose of testing the specificity of the adrenergic block- 
ing action. In comparison with epinephrine, Pitressin is a poor constrictor of 
the vascular bed in skeletal muscles. Five-tenths unit per cubic centimeter pro- 
duces nearly a maximal vasoconstricting effect. As the data indicate, Pitres- 
sin-induced vasoconstriction is not influenced by the adrenergic blocking action 
of SY-28 and yohimbine. The central nervous depressing action of pento- 
barbital and acetyl-8-methylcholine toward strychnine stimulation is likewise 


shown by the delay in onset of convulsions. 


















TABLE IIT. THE EFFECT OF DRUGS ON VASOCONSTRICTION PRODUCED BY B-HYPOPHAMINE 
(PITRESSIN ) 









TIME OF ONSET | 7 | a | 
| 
| 
































| ORAL STRYCHNINE. OF CONVUL- 
DOSE | NO, (10 MG./10 | SIONS* (MEAN | DIFFER- | 
TEST (MG./ | C.C./KG.) +5S.E.) COM- | ENCE OF | 
COMPOUND KG. ) | (1.M.) (MIN.) PARISONt! MEANS | ‘7’? | ‘¢p?? 
1. Control Water, 10 Alone 7.60 + 0.46 
c.c./kg. 
2. Control Water, 10 Plus Pitressin, 14.95 + 0.99 2-1 7.35 6.8 <0.01 
e.c./kg. 0.5 u./e.e. 
3. SY-28 2.5 Plus Pitressin, 11.30 + 1.04 3-2 —3.70 2.5 0.02 
0.5 u./e.e, 
4. Yohimbine 2.5 Plus Pitressin, 12.94 + 0.87 4-2 -2.01 iy 30.1 
HCl 0.5 u./e.e, 
5. NaNO, 50.0 Plus Pitressin, 18.21 + 1.56 5-2 3.26 1.8 0.1 
0.5 u./e.e, 
6. Mecholy]l 12.5 Plus Pitressin, 31.65 + 3.09 6-2 16.70 16.5 <0.01 
0.5 u./e.e, 
7. Pentamethy- 50.0 Plus Pitressin, 17.56 + 1.37 7-2 2.61 1.6 0.1 
lenetetrazol 0.5 u./e.e, 
8. Pentobarbital 125 Plus Pitressin, ‘£0.80 + 1.61 8-2 5.85 S12, -<0:01 
0.5 u./e.e, 











*Average of twenty determinations. 
7Comparison between the average time of onset of convulsions of rats receiving a test 
compound and that of controls. 









*Parke, Davis & Company registered trademark. 
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It should also be pointed out that, since the object of this paper is to 
introduce a new procedure for evaluating adrenergic blocking activity, the 
results here given are to show the reliability and specificity of the method. 
The rate of onset of blocking action, the time of maximal action after adminis- 
tration, and the duration of effect, which differ considerably among the vari- 
ous chemical types of adrenergic blocking agents,® are not investigated. 


SUMMARY 


A simple procedure is described for the evaluation of adrenergic blocking 
compounds in rats. It is based upon the inhibition of local vasoconstricting 
action of epinephrine by an adrenergic blocking substance. The degree of 
vasoconstriction is determined by the time of delay in onset of convulsions pro- 
duced by strychnine injected intramuscularly together with epinephrine. 

The results obtained with a number of adrenergic blocking compounds, 
vasodilators, and central nervous acting agents by this method and a compari- 
son of these with results obtained by epinephrine reversal of blood pressure 
are given and elucidated. 
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HE availability of adequate, yet technically simple, methods for the quantita- 

tive titration of antitryptie action is becoming a matter of increasing impor- 
tance, in view of the widespread current interest in the natural trypsin-inhibit- 
ing power of the blood’? and of various other materials.*-” 

Among the procedures for antitrypsin measurement recently described, the 
one developed in the author’s laboratory’ has a number of practical advantages. 
It depends upon the use of strips of especially prepared photographic film, which, 
on immersion in graded dilutions of trypsin, and ineubation at 40° C, are cleared 
(as the gelatin emulsion is digested away) to a degree proportional to the activity 
of the enzyme. When digestion is completed the originally opaque film becomes 













completely transparent. 

Titration of antitryptie activity may be carried out by setting up mixtures 
containing a constant amount of trypsin and serial dilutions of the serum, or 
preferably by incubating. a constant amount of diluted serum with increasing 
concentrations of trypsin. In.the latter procedure, the titer is most conveniently 
expressed in terms of tryptic units (TU), 1 TU being that concentration of 
crystalline trypsin just sufficient to clear the film completely in a standard time at 
40° C. By preliminary adjustment of the incubation time the titer in the 
trypsin control tubes (ineluded in every titration) is always 1.0 TU. The 
difference between this titer and that obtained in the presence of a serum (or 
other inhibiting solution) represents the antitryptic power of that material. A 
final figure to express the antitryptic index is obtained by multiplying this dif- 
ference by the final dilution of the specimen (Fig. 1). 

The stock trypsin solutions are stable’* over long periods of time, and all 
details of the procedure are readily standardized, so that comparable findings 
‘an be obtained in separate experiments conducted in the same or in different 
















laboratories at any time. 
However, the method as originally deseribed’® has certain undesirable fea- 


tures: (1) the particular film used was especially prepared for the writer in the 
laboratories of the Eastman Kodak Company in Rochester and cannot now be 
duplicated or made generally available to investigators, and (2) the procedure 
requires that the filmstrips be added to, and removed from, the trypsin solutions 
by hand, one by one, thus putting a heavy premium on the care and skill of the 
technician when strictly reproducible results in a long series of tests are essential. 
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These limitations have now been overcome (1) by finding that commercial 
Kodachrome film, unexposed but processed fully for color at a Kodak processing 
plant in the routine way, serves well for the test, and (2) by introducing the 
use of a mechanical filmstrip holder, which permits the worker to insert all the 
strips employed in any one titration into the trypsin solutions at precisely the 
same time, and likewise to remove them, and to pass them through the final fixing 
bath, simultaneously. 
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Fig. 1.—Record of antitrypsin titrations on four samples of serum from the same guinea 
pig during an experiment in active anaphylaxis. The film disks, mounted under Scotch tape, 
were cut with a hand punch from the actual filmstrips used in the tests. Note the simple 
derivation of the antitryptic (AT) index. 


USE OF KODACHROME FILM 


For the original suggestion that Kodachrome film might serve for the tests, 
we are indebted to Dr. H. A. Schlang* of the Naval Medical Research Institute, 
Bethesda, Md.*° Following this lead, a comparative study of the suitability of 
several types of color film was made. It was found that Kodachrome sheet film, 
either Daylight or Type B, and 16 mm. Kodachrome Daylight motion picture 
film (provided no shellac or other coating has been applied after color processing ) 
are satisfactory. The latter is especially recommended for any extensive work 
because of its low cost. From a single 100 foot roll, carefully cut through the 
center lengthwise, approximately 1,900 strips, each 114 in. long, may be obtained, 
or enough for more than 200 separate titrations (average, eight strips per test). 
Ciné-Kodak 35 mm. film, if it could be obtained without a coating, might serve, 
but it is expensive. Ektachrome film was found unsuitable, since some of the 
colors dissolved out in the control buffer solutions. 

Doubtless, other kinds of commercially available photographie film might be 
found which could be successfully prepared by the investigator himself in rela- 
tively small amounts for use in antitryptic titrations by our procedure, but in 
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our experience, satisfactory reproducibility and uniformity of results from lot 
to lot are hard to achieve. One of the principal reasons for recommending 
Kodachrome, or a similar color film, is the fact that it must be submitted for 
finishing to a commercial processor who routinely handles large quantities of 
such film by standardized methods. Thus, a constantly available supply of suit- 
able film having uniform physical properties is assured. It is important that 
the film remain unexposed, and that it be sent to the processor accompanied by 
a suitable explanation and directions, addressed to the director of the processing 
laboratory. The film is to be processed fully for color in the usual way, and 


must not afterwards receive a coating of any kind. 


* eRe one 
sf 





Fig. 2.—Method of introducing the filmstrips into the test tubes by use of the holder. 
When the ends of all the strips have entered the necks of the tubes, the holder is lowered to 
rest on the endpieces of the rack, thus introducing all the strips into the solutions at the same 
instant. 

Before use in the actual titrations, any new lot of film must be tested to be 
sure it is not acted upon in the absence of trypsin by the standard buffer or fixing 
solutions.’* A properly processed film will show no visible change for at least 
thirty minutes on incubation at 40° C. immersed in the stock borate, borie acid 
buffer solution, pH 7.5. Likewise it will not be affected by immersion in the 
acetic acid-aleohol fixing solution for at least five minutes. 

Further, the incubation time in the 40° C. water bath that is required to 
make the end point occur regularly with the control trypsin dilution containing 
just 1 tryptic unit (TU) must be determined by the procedure previously de 
seribed.! A marked difference in behdvior of Kodachrome film and of ow 
eurrent black and white film is revealed in these tests. For the lot of 16 mm 
Kodachrome motion picture film now in use an incubation time of seventeen 
minutes is required, whereas only seven minutes are needed with our standard 
black and white film. Despite this slower rate of digestion of the gelatin emulsion 
and the consequent lengthening of the incubation time, the results of antitryptic 
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titrations (e.g., the figures for the antitryptic index) are precisely the same, 
whichever film is used. This has been demonstrated with twenty samples of 
human and guinea pig sera which were divided and tested in parallel with the 
two kinds of film, 















































Fig. 3.—Filmstrips on holder after completion of a routine run. Strips at left are from 
trypsin control tubes. Strips in front row, left to right, are from the successive serum-trypsin 
mixtures of one test, and those in the back row are a similar titration of a different serum, 
\ll Were incubated simultaneously 


USk OF FILMSTRIP HOLDERS 


The filmstrip holders are made of stainless steel, or brass, and finished with 
aluminum paint or chrome-plated. To a base 114 in. by 8 in. by 14 in., eighteen 
rods 3/32 in. in diameter and 4 in. long are soldered, spaced to correspond with 
the position of the test tubes in the water bath rack, Each rod is slotted at the 
top for insertion of the filmstrips (Fig. 3 

In the routine performance of an antitrypsin titration, the filmstrips are 
arranged on the holder while the test solutions are warming to 40° C. At the 
end of the warming period, the interval timer is carefully reset for the test 
incubation time, e.g. seventeen minutes. While the rack remains in the water 
bath, the filmstrips are introduced into the neek of the tubes in the manner shown 
In Fig. 2. When the ends of all the strips have entered the tubes, the holder is 
brought to a horizontal position and then lowered until its ends rest upon the 
sidepieces of the test tube rack. Thus, all the strips enter the test solutions at 
the same moment. The timer is started at onee. The length of the strips or 
dimensions of the holder should be adjusted so that the strips reach nearly, but 
not quite, to the bottom of the tubes and are immersed for about one half ineh 
in the fluids. This is not a eritical point, however, since the end point of the 
digestion is not influenced by the area of film exposed to the solutions. 

During the incubation, an arrangement for the simultaneous fixing of the 
films is set up. An enameled pan, 12 in. by 5 in. by 2 in., is three-fourths filled 
with eold fixing solution, and placed within a metal frame designed to support 
the filmstrip holder so that the films are bathed in the solution. When the timer 


rings at the end of the digestion incubation, the filmstrips are transferred at 
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once to the fixing bath. The holder is moved back and forth a few times in 
order to wash the films in the fixing solution, then the strips are allowed to remain 


immersed for about five minutes. The holder is then removed, the ends of the 


filmstrips are briefly touched to blotting paper, and the holder is set upright 


(Fig. 3) to allow the strips to dry. 

When the strips have dried, the results of the titration may be read by 
simple inspection, and the films may be discarded. We prefer, however, to make 
a permanent record by punching out from the digested portion of each strip ¢ 
5 mm, diameter disk and mounting these disks under Seotch tape on cards 


(Fig. 1), or in record books, with accompanying experimental data. 
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